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1.1 BACKGROUND
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The traditional High Country region encompasses 2.5 million hectares of the South Island
and is shown in Figure 1.1. The economic value of production from the high country in 1993
is estimated at $150 million/annum by Yerex (1993).
Longslip is a high country 15,150 ha station, near Omarama, North Otago (Fig. 1.1).
The tussock grasslands of Longslip have a history of pastoralism dating back to 1858, (pinney,
1981). Initial burning and over optimistic stocking level expectations were followed by
denudation and depletion, (Commission on Souttern Pastoral Lands, 1920), (Zotov, 1938)
especially until the 1950's when a significant reduction in stock load progressively occurred (Land
Settlement Board Report, 1952, specific to Longslip, unpublished), rabbits were brought under
control and a more secure form of land tenure was introduced under the Land Act, 1948. The
tenure was constructed so that the tenant was encouraged in every way possible to improve his
holding (Brown, 1966). These changes, coupled with improved economic returns and the advent
of oversowing and topdressing, albeit at a slow rate of introduction and understanding, led to
gradual pasture improvement and rehabilitation of the high country (Brown, 1966). The Tussock
Grassland Research Committee (1954) reviewed the scientific aspects of snow tussock grasslands
and land tenure. O'Connor (1986) reviewed the influence of science and land tenure on the use of
tussock grasslands. Agricultural Development Support Programmes, particularly the Land
Development and Encouragement Loan Scheme (LANDEL) and the Livestock Incentive Scheme
(LIS) of the early 1980's led to massive pasture and animal productivity improvements
(Tavendale, 1984). The development of Longslip from a financial and physical performance
perspective is described by Patterson (1985). The human side of the large-scale development on
Longslip is described by Gordon (1987). The development of Longslip from a resource and
sustainability perspective is described by Patterson and Patterson (1993) and Ogle (1993).
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Fig 1.1 The High Country Region (Hughes, 1973).
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1.2 PURPOSE OF STUDY
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This study was undertaken to research the principles and practices behind increased
pasture productivity on Longslip Station, Omarama. A range of landscape - soil - climate - plant
systems were identified, then analysed and the legume responses measured. By isolating cause
and effect and appreciating the driving variables of each system, lessons learnt could be reliably
and objectively transferred to the rest of the farm. Extrapolation to the balance of the property
(15,150 ha) permitted immediate large-scale development and engendered confidence to lending
institutions, Lands Department, catchment authorities and ourselves.
Soil (land) cannot be well managed and conserved unless it is mapped reliably and its
characteristics measured and interpreted by skilled observers (Cutler, 1977). Soil resource
surveys, and their interpretation, are an essential ingredient of rational resource evaluation and
planning.
This thesis is a figurative and comparative survey and study of the soil catenary bodies,
resident vegetation, legume establishment and pasture production characteristics of a 400 hectare
catchment, in relation to, and as influenced by soil landscape unit, slope component, altitude,
aspect and time.
The inherent diversity in landform, soil properties and vegetation communities in a single
catchment in the high country has not previously been fully studied or appreciated. This has lead
to blanket recommendations for fertilizer, seed and management regimes both within and between
properties and even regions. This study reports on the diversity of, yet predictable change in soil
properties with slope position (upper, middle and lower) aspect and altitude in terms of both soil
physical properties e.g. soil depth and water holding capacity and soil chemical properties such as
pH, BS%, %P, %S, %N and %C. The composition of the resident vegetation and its differential
response to oversowing and topdressing and subsequent change through time is reported and
discussed.
Finally an epilogue gives an insight into the problems and frustrations of farming practices
in the high country from a motivation and personal perspective and political point of view that it
is essential to come to terms with.
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This study provides an ideal opportunity to establish benchmarks and the principles and
practice of monitoring for sustainable land use under the Resource Management Act 1991,
especially when combined with studies by K.F. O'Connor and E. Costello from Tussock
Grasslands and Mountain Lands Institute 1980-1983 and P. McIntosh from Landcare Research
1978-79. O'Connor and Costello studied soil properties, botanical composition and pasture
production under grazing over 7 sites, McIntosh measured soil properties, oversowing responses
to sulphur and phosphorus, various rates of additions. Some aspects of both studies have been
remeasured in 1992. It is hoped that future monitoring will continue to detect and evaluate long
term changes, so a more thorough understanding of the dynamic and interactive processes that
have transformed this area from a physical and ecological point of view will come to light by
building on this base resource study, through time.
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CHAPTER 2
EXPERIMENTAL METHOD
2.1 SOIL SURVEY METHOD
2.1.1 SOIL DESCRIPTIVE DATA
Page 5
Physical descriptions were recorded from three profiles per site according to Taylor &
Pohlen (1970). Appendix 2 shows soil profile descriptions.
2.1.2 SOIL ANALYTICAL DATA
Soil sampling was undertaken in December/January, 1977/78 with 20-30 randomised cores
taken with an auger of 25 mm in diameter in five progressive increments:
* the 0-10 and 10-20 cm increments approximated the A horizon
* the 20-30 cm increment approximated the indistinct A/B horizon
* the 30-40 and 40-50 cm increments approximated the extent of the B horizon.
* > 50 cm base rock for ridge crests and midslopes but toeslopes had much deeper but
irregular total regolith depth.
After being air-dried for up to two weeks soil samples were crushed with a rolling pin and
then sieved through a 2 mm sieve. Material greater than 2 mm was discarded. Laboratory
analyses were done for: pH, % nitrogen, % carbon, % calcium, % magnesium, % potassium, %
sodium, cation exchange capacity and phosphorus retention. These allowed calculation of: carbon
to nitrogen ratio, sum of total exchangeable bases and base saturation %. Ministry of agriculture
and Fisheries (MAF) Quick test analyses for pH and Ca, K, P, Mg; and sulphate-S in
parts/million (ppm) were also carried out. Refer to Appendix 3 for methods for chemical
analyses.
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2.1.3 SOIL PHYSICAL DATA
Page 6
Soil water content was determined at approximately 30 day intervals (7.11.77 to 15.4.78)
using a direct gravimetric sampling method, (bulking ten, 10 cm by 2.5 cm cores per site). The
cores were rapidly sealed into sample cans. The cans were weighed to give a fresh weight then
dried to a constant weight at 105°C for a few days and then reweighed to give dry weight. The
gravimetric water content was calculated as loss of weight on drying, divided by dry weight and
then expressed as a percentage.
Field capacity, bulk density and percentage stones by weight were also measured.
2.1.4 RAINFALL DATA
Rainfall has a marked influence on seedling establishment and pasture production.
Monthly totals for a rainfall recording station approximately 6 km away has an average of 775
mm/annum (the catchment under study would be of slightly lower rainfall) around the period of
the trial were as follows (mm):
Table 2.1
Jan Feb Mar Apr May Jun July Aug Sep Oct Nov Dec Total
1977
1978
99.8
26.4
7.6
16.6
25.3
62.6
68.3
50.6
73.1
136
49.4
35.8
34.5
41.2
8.7
133
66.2
88.5
50.3
113
42.8
97.2
44.4 570
38.2 839
2.2 PASTURE PRODUCTION TRIAL
There were two trials, the Main Trial (Trial 1) investigated the effects of fertiliser on the
resident vegetation and on 2 single seed mixes, white clover and Lotus. The second trial
investigated an oversowing mix with white, red and Alsike clovers, Lotus, cocksfoot and ryegrass.
The aim of the main production trial (Trial 1) was to compare the establishment and
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subsequent growth in the following treatments of:
1. Huia white clover
2. Maku lotus
3. Basal fertiliser only - this was designed to quantify the response of resident white
and suckling clovers.
4. Control - unamended herbage production was measured as the control to provide a
base for native herbage production and above ground nitrogen pool responses.
Four treatments in a randomised block design with five replicates by seven sites were set
up. The trial sites were fenced using rabbit netting (pegged at the bottom). Permanent wooden
pegs were used to delineate each plot. Plots were pegged out and fertiliser and seed were applied
by hand after stringing the perimeters of each plot. The equivalent bare seeding rate for white
clover was 4.14 kg/ha and for lotus 4.34 kg/ha of bare seed. Six hundred viable seeds from the
bare seed germination test (freshly commercially prillcoated) were sown along with the basal
fertiliser dressing of 600 kg/ha of reverted anolybdic superphosphate (0:7:0:8). Seed was
inoculated at 10 times the standard commercial rate in the prillcote process. Subsequently samples
of the prillcoated clover were sent to Palmerston North Seed Testing Station in order to check
germination and number of seeds per pellet. The following are the results:
Huia white clover 538 normal seedlings from 400 pellets, germination 97%.
Maku lotus 310 normal seedlings from 400 normal pellets, germination 73% with 25%
abnormal growths and 2% dead.
Pawera red clover 400 seeds per 400 pellets, germination 73 %, 2 % hard seed, 23 %
abnormal growths, 2% dead.
Alsike clover 390 normal seedlings from 400 pellets, germination 72 %, 1% hard seed,
12% abnormal growths, 15% dead.
The same rate of fertiliser was sown on all sites so as to minimise the fertility differences
between sites. The five sunny sites were oversown on August 20-21, 1977 and the two dark sites
on 17 September, 1977 following the recommendations of Musgrave (1976). He found in the
Omarama region that optimum sowing dates were from early August to October, depending on
altitude and aspect.
Trial 2 - A basic oversowing mixture of three hundred viable seeds/metre2 (freshly
commercially prillcoated) of white (Grasslands Huia white clover), red (Grasslands Pawera),
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alsike (Canadian) clovers; Grasslands Lotus peduncu[atus (Maku lotus); cocksfoot (Grasslands
Apanui) and ryegrass (Ruanui) were sown at the same time as Trial 1 in one 10 square metre plot
per site, adjacent to Trial One.
Seedling dry matter cuts were measured from ten seedlings per site of Huia white clover
and lotus from Trial 1, on 21/12/77. From Trial 2 Pawera only was taken.
The number of seedlings in a 15 cm square were counted and scored in each of the white
clover and Lotus trial plots. The 15 cm square was randomly placed ten times, five readings were
taken in the top square metre and the remainder in the bottom square metre. In Trial 2 forty
readings were taken at random in each 10 square metre plot.
2.3 PASTURE PRODUCTION MEASUREMENTS
Dry matter production was measured using a 0.5 square metre frame placed randomly in
each plot and clipped with hand shears to 1 cm above ground. A sub-sample was oven-dried for
24 hours at Tara Hills Research Station. Another sub-sample was dissected into introduced
legumes, resident white clover where applicable, suckling clover, grasses and other (adventives
and natives). Clippings were not returned to th'e plots.
The following plant chemical analyses were done: %N, %Ca, %Na, %K, %Mg, %P and
%S. From these the milliequivalents for each element were calculated and the sum of the cations.
Due to the fact that treatment replicates had been bulked for N analysis it was unjustified
to use these analyses to calculate N uptake from individual replicates and statistical analysis was
carried out on treatment means which were ranked only. Therefore there was no true replication
and error calculations probably exaggerate the actual variability.
One of the main frustrations with this study was the underlying non-normal distribution of
the data collected compounded by the lack of sufficient replication. The basic data were
transformed, analysed and reanalysed. The salient conclusions made in the text are based on these
many and varied analyses.
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The study area in the mid Ahuriri valley, North Otago, runs due north and south with 775
mm annual rainfall and ranges in alititude from 800 to 1700 metres above sea level. Soils are
HYBE with loess underlaid by schist parent materials. The vegetation is modified short tussock
grassland, merging into tall tussock at higher altitudes.
Soil chemical analytical data trends are presented for 7 study sites both pre OSTD and 13
years later. Soil physiciacal data measurements include gravimetric moisture percentage and field
capacities. Vegetation trends for pre OSTD, 5 and 13 years following are presented.
3.2 PHYSICAL DESCRIPTION
The "Deep Creek Hut Catchment" is one of several transverse gullies flowing into the
mid-Ahuriri River in the Upper Waitaki Valley (Fig. 3.1), and is bounded by Central Otago in the
west. The catchment runs due north and south in the humid zone with 775 mm annual rainfall
(Walter, 1979) and ranges in altitude from 800 to 1700 metres above sea level (plate 1). This
enables the study of the dynamic effects of aspect, altitude and topography and the consequent
micro-environmental effects of moisture, insolation and soil temperature on the soils and
vegetation within a relatively small area.
The nearest climate station is at Tara Hills, some 15 km east of the trial site. The mean
daily temperature on the flats is 15.8oC in January and 1.3oC in July. On average 120 Days of
screen frost occur each year, and 160 of ground frost. Sunshine averages 2080 hours a year -
49% of possible. The region can experience severe and persistent westerly winds, and there is a
mean 243 km daily wind run. Snow falls on an average 11 days per year.
Study Area
Plate 1 View of Study Catchment
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Fig 3.1 Study Location (NZMS 260 G39 Scale 1:50,000)
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Longslip is characterised by a highly variable average annual rainfall of 700-940 mm
depending on distance from the main divide, growing season 200 days, in the middle of the South
Island high country at latitude 44 degrees South. Pasture growth is sustained by the soil water
store built up over winter. Probabilities for receiving enough rainfall to sustain pasture growth on
a month by month basis for the growing season is highly variable from 10-80%. In spite of the
relatively high rainfall, cool temperatures in many years will delay the onset of spring growth and
prevent a flush of autumn growth following the dry months of summer, September, November
and February stand out as being particularly dry months (Rabbit and Land Management, 1992).
Climatic variation drives the Longslip farming system.
Tan (1967) demonstrated that the mountain ranges in Central Otago are characterised by
marked increases in precipitation with increasing altitude, which is reflected in the soils (degree of
leaching) as well as in the vegetation. Due to great variation in the climate and vegetation
conditions, a wide range of zonal soils (grading into each other) can be found and delineated
within a small area, all weakly weathered and varying in degree of leaching according to effective
precipitation (total precipitation minus evaporation).
The catchment forms part of the 1360 ha " Top Ewe Block" of Longslip Station.
Historically it has been managed in an extensive, unimproved grassland enterprise being set-stock
grazed by breeding merino ewes from May to February (with a two week spell in early October
for shearing) at 0.63 su/ha/annum and by breeding cows from May to October at a stocking level
of 0.12 stock units fha/annum making a total of 0.75 stock units fha/annum.
Following settlement in the late 1850's fire and overgrazing by sheep and particularly
rabbits denuded the native vegetation (pinney, 1981). With the successful control
Following settlement in the late 1850's fire and overgrazing by sheep and particularly
rabbits denuded the native vegetation (pinney, 1981). With the successful control of rabbits by
aerial poisoning operations in the early 1950's vegetation slowly recovered although it was by then
dominated by introduced adventitious species. Periodic rabbit control measures are still proving
necessary today in order to avoid the severe vegetation depletion of the past. The main features
of extensive pastoralism were the large block sizes embracing contrasting topography, aspects and
altitudes. Stock selectively avoided the colder, southerly facing slopes whilst overgrazing the
warm, sunny northerly facing slopes. Merino-based breeds of sheep dominate in the high country
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due to their adaptability to the extreme climatic conditions experienced and particularly also their
ability to thrive under variable and extreme feed supply conditions. Merinos strong gregarious
camping behaviour results in the transfer of nutrients in dung and urine to small localised areas
due to their natural instinct of camping at the highest point of the block to be prepared and allow
for early warning of predator attack. Unfortunately this plant-soil-Iandscape-animal unit is among
the least pastorally productive, so the response to all this increase in fertility is not anywhere near
as marked as what it would be if it occurred on the toeslope for instance.
3.3 GEOLOGY AND SOILS
The region is comprised of schist and greywacke mountains rising abruptly from narrow
valleys and fluvioglacial outwash plains at 700 m altitude to over 1800 m. Physiography is
characterised by glacial sculpturing and is dominated by rugged topography featuring steep slopes
with deeply dissected gullies and degrading watercourses still actively attempting to reach post-
glacial equilibrium with the landscape especially during extreme rainfall events.
The catchment area consists of loess underlaid by schist parent material (Suggate et al.,
1978). The degree of schistosity, or metamorphic rank, grades from chlorite 1 in the lower areas
to chlorite 2 in the higher areas (Tonkin pers. comm.). At a scale of 1:253,440 the General
Survey of the Soils of the South Island (New Zealand Soil Bureau, 1968a) maps the area as high
country yellow-brown earths of the Kaikoura set (actually the Dunstan set formed from schist
parent materials). Features of a high country yellow-brown earth are consistent with those of a
colder climate; weathering is weaker and mostly shallow. Soils develop under an environment
subject to intense ground frosts, high velocity winds and high rainfall in terms of both intensity
and amount.
3.3.1 SOIL CLASSIFICATION
The basis of the New Zealand soil classification system is that soil properties conform to
climatic zones producing a genetic organisation. The system organises soils into classes having
common combinations of environmental factors, soil profile characteristics and properties Le.,
morphological, physical and chemical.
At the highest level in the genetic soil classification system soils are separated into three
Study Area Page 14
orders, most high country soils are zonal soils. Zonal soils are those formed from parent
materials (regoliths) derived from zonal rock types on freely drained sites within the landscape and
which have well developed profiles characterised by A, Band C horizons. The diagnostic
characteristics of each of the zonal soil groups and subgroups result from the processes controlled
by the climate and vegetation regimes of the geographic zones in which they have developed.
Zonal soil groups are distinguished from one another by the extent to which leaching has taken
place as controlled by the moisture regime and subgroups are distinguished by the extent of
weathering as influenced by the temperature regime (McLaren & Cameron, 1990). Zonal soils
derive their main characteristics from processes dominated by climate and the associated native
vegetation. The effects of rock materials, topography and time are incorporated at lower levels of
classification (Gibbs, 1980).
Brown-grey earths occur in the driest areas under a semi-arid climate (< 500 mm annual
rainfall), yellow-grey earths are formed in sub-humid zones (500-900 annual rainfall) and yellow-
brown earths are developed under a humid climate (900-1800 mm annual rainfall). The yellow-
brown earths are further subdivided on the basis of increasing altitude and decreasing temperature
into lowland, upland and high country yellow brown earths. High country podzolised yellow-
brown earths have developed under cold and superhumid climate (> 1800 mm annual rainfall).
Upland and high country yellow-brown earths lie in a broad band down the eastern South Island
flanking the main divide. They cover 2.5 million ha of steep land, over 400,000 ha of hilly land
and 400,000 ha of rolling land mostly above 600 m (New Zealand Soil Bureau, 1968a).
In the case of this study these soil groups may be further subdivided on the basis of
increasing soil moisture into "moist" classes called subhygrous and hygrous (Taylor & Pohlen,
1970).
Subhygrous soils are on the average below field capacity for more than five months of the
year and are generally below wilting point for more than five months. Within this moisture range,
there are difficulties in maintaining white clover especially on the drier subhygrous soils where
annual clovers commonly predominate over white clover. On the moister subhygrous soils white
clover-ryegrass pastures are retained with difficulty under good management but otherwise tend
strongly to be replaced by suckling clover. The characteristically subhygrous soils are the yellow-
grey earths associated with a pronounced dry season (Taylor & Pohlen, 1970).
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Hygrous soils on the average do not reach wilting point for any month and are above field
capacity for the greater part of the year. Generally the drier hygrous soils are below field
capacity for one to five months and the moister hygrous soils are above field capacity for all
months. The moisture is adequate for good permanent pastures based on ryegrass and white
clover. Characteristically hygrous soils are associated with a humid climate with the lower level
of annual rainfall in the south being 750 mm, i.e., the yellow-brown earths (Taylor & Pohlen,
1970).
Dry-hygrous upland and high country yellow-brown earths occur mainly in the Mackenzie
Plains and Upper Clutha Valley, with smaller areas in the high country of Canterbury and
Marlborough. They range in altitude from 270-600 m but in places reach as high as 750 m on the
steep mountains of central Marlborough. Rainfall ranges mainly from 500-825 mm/annum, but is
as low as 375 mm and as high as 1125 mm in a few places. The soils are mostly of coarse
texture, fine sandy loams to silt loams and many are shallow or stony. Consequently low soil
moisture storage limits growth in summer (New Zealand Soil Bureau 1968a).
Hygrous upland and high country yellow-brown earths occur in the more humid regions
throughout the high country of the South Island. They are also widespread on the high lands of
Otago from the plateau west of Dunedin to the high country surrounding the Otago lakes. They
range in altitude mainly from 305-1070 m. Rainfalls range from 635 mm to as high as 4,000 mm
although most soils lie in the range of 750-1900 mm (New Zealand Soil Bureau, 1968a).
According to a study undertaken by McIntosh et. al. (1981) on soil variation related to
landscape and vegetation features in the same catchment as this study, the soil chemical and
morphological characteristics indicated that soils were subhygrous upland yellow-grey earths on
sunny slopes to about 1000 m altitude; but above this altitude on sunny slopes, and at all altitudes
on shady slopes soils were dry hygrous high country yellow-brown earths. However upon
studying yellow-grey earths in New Zealand Soil Bureau (1968a) and the yellow-grey to yellow-
brown earth intergrade they do not belong to the yellow-grey earth group. The native vegetation
of this group at time of European settlement was mainly fescue tussock grassland, whereas the
catchment in question was Chionochloa tall tussock grassland and Poa short tussock grassland at
lower altitudes. The average pH and base saturation figures for yellow-grey to yellow-brown
earth intergrades for subsoils are 5.4 and 24% respectively, well below those of modal yellow-
grey earths (5.9, 52%) but similar to those of yellow-brown earths (5.3, 27%).
Study Area
3.3.2 HIGH COUNTRY YELLOW-BROWN EARTHS
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High country and upland yellow-brown earths cover extensive areas (1 million ha)
throughout the inland regions of the South Island from Marlborough to Southland above an
altitude of between 250-300 metres. At lower altitudes they merge into southern and central
yellow-brown earths where average temperatures are milder or into intergrades to yellow-grey
earths where seasonal dryness restricts plant growth. With increasing altitude above 1800 m, or
rainfall above 1500 mm per annum these soils grade into podzolised yellow-brown earths and
podzols in the west and high in the mountains they merge into alpine soils (New Zealand Soil
Bureau, 1968a and Gibbs, 1980).
The soils are formed from schist and greywacke bedrock and from the sediments derived
from the erosion of these rocks under annual rainfalls of between 600 mm and about 1500 mm,
while associated stony and shallow soils occur under rainfalls as low as 500 mm per annum in the
dry parts of the Mackenzie Plains. Mean annual temperatures range from 9°C at the lower
altitude to 2°C at higher altitudes (Gibbs, 1980). Consequently features of high country yellow-
brown earths are consistent with a colder climate; weathering is weaker and mostly are shallow in
depth. The coarse texture of many soils may be attributable in part to the short time since the last
glacial disturbance and the coarse texture of the periglacial deposits. the average clay content is
commonly low being 10 - 15% (New Zealand Soil Bureau, 1968a). Allophane is a common clay
component of high country yellow-brown earth soils (New Zealand Soil Bureau, 1968b).
Allophane, an amorphous colloid composed of hydrous silica and alumina which forms a stable
complex with humus, is responsible for the "fluffy" consistency of high country soils, their low
bulk density and high water holding capacity. Accumulation of allophane in subsoils is promoted
by wet conditions and low pH Where soils have been truncated by erosion allophanic material
appears abundant in surface horizons. The presence of allophane has been recorded in the study
area (Fieldes, 1966; Mugambi, 1971).
Past vegetation changes in the high country have been dramatic and ongoing. According
to a study by Burrows & Russell (1990) in the Upper Rakaia Valley, Canterbury four major
woody vegetation changes in the last 13,000 years before present can be explained by long term
alterations in historical weather patterns. Only the last major vegetation change which has
occurred in the past 1,000 years was accomplished by fire, when the woody vegetation was
Study Area
replaced by grassland.
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Tussock grassland communities were the dominant vegetation at the time of European
settlement but many of the soils at altitudes below 1200 m may have formed originally under
forest which was subsequently greatly reduced in extent by fires with only remnant stands
remaining today (Gibbs, 1980). Climatic change played either no part at all or an extremely
minor one in this widespread deforestation (McGlone, 1983). Soil properties particularly those of
subsoils, may reflect previous climate and vegetation patterns (Molloy et al., 1963). The moa
hunter period marked the process of breakdown of the original New Zealand biota to a lower
equilibrium (Caughley, 1989).
The variability in hill soils is much greater and more marked than for soils on flat to
gently rolling topography. Four interrelated factors contribute to this variability:
1. geology - giving parent rock variability
2. climate - diverse microclimates are engendered by the very nature of hill country by
altering sunlight duration and intensity, freeze-thaw cycles, duration of snow lie and
influencing the impact of wind
3. vegetation - the depth, fertility and moisture status of the soil strongly influences the type
and amount of vegetation
4. topographic position and age - position on the slope is of more importance than overall
steepness; soil profiles vary greatly depending on whether they are on a:
i. ridge crest (soils often shallow because of wind erosion)
ii. shoulder slope (generally older, more developed soils)
iii. mid-slope (steeper; soils often eroded and containing rock fragments)
iv. toe slope (soils deeper and rejuvenated by soil movement downslope; often poorly
drained) (Molloy, 1988).
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Fig. 3.3 Land use capability classes for the study Area, Waitaki Catchment commission
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Fig. 3.4 Terrain elements of steep hillsides (Ives and Cutler, 1972).
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Fig. 3.5 The study catchment was divided into 9 main landscape -climate-soil-vegetation
elements by empirical analysis as shown. The trial sites are shown numbered 1 to 7.
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The dominant direct effect of aspect is its influence on the intensity and duration of
insolation a site receives (Cuff, 1973). Lateral obstruction by the surrounding hills can also affect
this significantly as well as exposure to prevailing wind or rain.
Snow influences the various aspects differentially and may influence southerly facing and
higher slopes for up to half the year and thus probably has a strong affect on such factors as the
contribution of snow melt to soil moisture and the surface and subsurface temperatures. The
highest wind velocities occur during the spring equinox, but are marked by strong annual
variation.
The edaphic adaptation and differentiation in species of Chionochioa were studied by
Mugambi (1971) who related its presence to soil properties, aspect and altitude. Williams (1978)
studied the macro-element composition of seven species of Chionochloa from sites throughout the
South Island and their relationship with soil chemical properties.
The dynamic influence of topography on soil properties and thus their suitability for
different uses has been recognised since the early soil surveys in New Zealand. The influence of
altitude is recognised in the climate-based zonal soil classification of Taylor & Pohlen (1970) and
the 1:250,000 soil maps of the South Island (New Zealand Soil Bureau, 1968a). The influence of
aspect was noted by Gibbs et ai. (1945) and Gibbs & Beggs (1953) who recognised contrasting
soils on different aspects at the same altitude. During subsequent localised but detailed mapping
of various South Island high country soils the influence of both altitude and aspect in determining
the soil pattern has been recorded by Ives (1970), Ives & Cutler (1972), Cuff (1973), Archer
(1976) and McIntosh et ai. (1981). Studies relating soil chemical properties to aspect have been
conducted by Ross (1971) and Cuff (1973) on Kaikoura and Hurunui steepland soils respectively
and by Archer (1976) on soils in the alpine and sub-alpine zones on the Ben Ohau Range in the
middle of the South Island high country.
Topography has influenced the processes of "the drift regime" in forming soils in a
steepland toposequence as studied by Ives & Cutler (1972). Fig. 3. shows the elements of
hillsides which constitute each part of the toposequence. The soil with the weakest development,
Tekoa stony silt loam, is formed on the steepest slope (31 degrees); Kaikoura stony silt loam
showing the strongest development, is found on moderately steep (13 degree) slope ridge crests.
These soils have been subjected principally to removal of material by wind erosion and surface
Study Area Page 23
run-off. On the moderately steep to steep hillsides and upper slope locations, Kaikoura very stony
silt loams have been subject to both loss and gain of material caused by surface run-off. The
greatest influence on the formation of these soils has been the mixing of the regolith induced by
creep and solifluction. In steep lower mid-slope sites Tekoa stony silt loams have been most
significantly affected by extensive and often severe surface erosion. Soils on the steepest slopes
are constantly being renewed by the introduction of fresh material from the parent rock into the
lower solum. The upper mid-slope and upper slope sites within such a succession experience
continual mixing, which introduces into the lower solum fresher material from below the solum
and more weathered material and fresh colluvial material from the surface horizons. Such soils
tend to show only weak to moderate morphological development, but at the same time they are
moderately weathered and strongly leached. On ridge crests soils are thin and are very strongly
leached and moderately weathered. The degree of weathering and intensity of leaching appear to
increase with increasing altitude through this sequence and these changes coincide with decreasing
slope angle (Ives & Cutler, 1972).
3.4 VEGETATION
The vegetation of the study catchment is modified short tussock grassland (Connor, 1961;
Newsome, 1987) with scattered scrub in the lower areas merging into tall tussock grassland in the
higher areas, 900 m on the dark side and 1100 m on the sunny side. Remnants of both beech and
podocarp forests (Molloy et al., 1963; McGlone, 1983) indicate that this area has undergone a
transition from forest to tall tussock grassland, prior to European occupation. Connor (1961)
described the tall tussock communities of the Lindis Pass and Ahuriri Valley. The present, and
historic timberlines are at about 1200 m. Above this is the original niche of the tall tussock
grasslands. With the advent of pastoralism, adventive vegetation has invaded and highly modified
the short tussock grassland to a greater degree than the tall tussock grassland (Gibbs et al., 1945;
Dick, 1978 and Scott et al., 1988). Moreland (1911) graphically describes the presence of good
English grasses and white clover on a flat near the Lindis Pass (on the Omarama side). White
clover seedheads can be clearly seen in a photograph taken by Harry Sievright, a Pastoral Lands
field officer, in January 1958 near the study catchment. Connor (1961) attributed the widespread
presence of sweet vernal to probable contamination of white clover seed used for oversowing.
The effect on species composition, diet and mineral nutrition of sheep, for developed versus
undeveloped tussock grassland pasture is described by Scott & Maunsell (1974). The growth,
biomass and productivity of Chionochloa grasslands is reported by Williams, 1977.
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The conservation and landscape values of tussock grasslands are reviewed by Ashdown &
Lucas (1987). The principles behind the New Zealand Protected Natural Areas Programme are
reported by Kelly & Park (1986) while the conservation attributes of the Mackenzie Ecological
Region are described by Espie et al. (1984). The study catchment is included in this area. The
aim of the protected natural areas programme is to ensure the preservation of representative
samples of all classes of natural ecosystem and landscape which in the aggregate originally gave
New Zealand its recognisable character (Reserves Act, 1977).
Development can hardly take place without change but change may not necessarily be
harmful to the environment. Biological management errors tended to be errors of ignorance or
wrong assumption. Less charity can be given to the administrative mistakes which led to some of
the abuses and to an uncertainty which caused pastoral farming depressed by low prices to become
an exhaustive exploitation of land, labour and capital. Bidding for leases, high upset rentals and
insecurity of tenure caused tenants to get all they could from the land and put little back into it.
Pasture improvement was almost unknown on leasehold land (Dunbar & Hughes, 1974).
3.5 ENVIRONMENT
Tonkin (1985) studied soil development with respect to aspect and rainfall in the Eastern
South Island hill country. In the sub-humid to humid environments (c.700 - 1400 mm average
rainfall) the north aspects remain drier and therefore soils are less leached than are those on the
moister south aspect where there is a more advanced stage of soil development (and lower soil
fertility). The more favourable moisture regime on the south aspect, despite lower temperatures,
results in a greater potential for plant growth. In the environments studied the potential for plant
growth was determined by soil moisture, temperature and fertility factors and variation between
aspects in response to seasonal conditions (Radcliffe & Lefever, 1981; Radcliffe, 1982). Radcliffe
& Lefever (1981) concluded that the moderately steep (25 degrees) north and south slopes at
Coopers Creek had markedly different solar radiation, soil moisture and temperature regimes.
Solar radiation is the primary source of energy. Its distribution is governed by the steepness and
aspect of a slope and sunshine duration (which is a function of the amount and nature of lateral
obstruction of the sun caused by surrounding hills). At Coopers Creek it was estimated that the
north aspect received 80% more solar radiation than the south aspect. The evaporative loss
determined by radiation was reinforced on the north aspect by frequent strong northwest winds,
which reduced the plant available water in the top soil. O'Connor et al. (1968) found that for
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clover-oversown pastures in the sub-humid lower montane zone there was a dependence of annual
herbage yield on spring rainfall. Spring rainfall had after-effects on yield for that growing season
as well as its effects on current spring production.
3.6 LAND CAPABILITY
The steepness of the slopes on which high country yellow-brown earths have developed
has an almost overwhelming effect in determining their soil properties and dictating their use
(Leamy, 1971). Ives & Cutler (1972) found that in a toposequence of steepland soils that
topography, or more precisely terrain, is the principle factor influencing the differences between
soils.
New Zealand Land Resource Inventory worksheet S108 is given in Figure 3.2. The main
land use capability classes are 6e22 and 7e26. A more detailed land use capability assessment was
prepared in 1978 by the Waitaki Catchment Commission (Fig. 3.3) and is summarised in table
3.1.
Table 3.1. Land capability classes on Longslip Station, Omarama.
Class % ha
IV 2 339
V 20
VI 25 2823
VII 42 6263
VIII 31 4713
Totals 100 15148
The Natural Resources Survey of the Otago region compiled by the Town and Country
Planning Branch, Ministry of Works (1967) classified all of the trial area as Kaikoura - Dunstan
steepland soils (stony loams), from schist and greywacke parent materials, on steep topography,
suffering sheet, wind and scree erosion, with very low natural fertility, the limiting factors to use
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being erosion, nutrients and altitude. The higher area of the study catchment was classified as
alpine steepland soils, with very low natural fertility and severe natural erosion, thus being
unsuitable for any agricultural or forestry uses. All of the mountainland on Longslip was mapped
in Class H - conservation land, in the potential use for soils section. These soils are defined as
having severe or very severe limitations for pastoral use, making them unsuitable for this use and
should thus be reserved for conservation use.
Interestingly, the fluvioglacial outwash river terraces are classified as Class C - soils with
only slight limitations for pastoral use, but severe limitations usually because of slope or structure
for growing crops, with medium to low natural fertility. Subsequent development of Longslip has
shown that these soils require more superphosphate per hectare for clover establishment and
production and in addition require large quantities of lime and carry significantly lower stocking
loads than the lower to mid-altitude hill country.
Subsequently Basher & Tonkin (1985) studied soil formation, soil erosion and revegetation
in the Central South Island hill and mountainlands. They concluded that vegetation depletion and
bare ground may not indicate the amount or rate of soil erosion. Both soil nutrient status and
climate strongly influence rates of revegetation and hence bare ground area.
3.7 SOILS
3.7.1 SOIL RESOURCE TRANSECTS
Delineation and assessment of land resources depends on understanding the processes and
factors controlling landscape formation and soil development. Soil landscape models provide a
unified procedure for relating from the national data bases to the individual property level (Lynn
& Tonkin, 1985).
The study catchment was divided into nine main landscape - climate - soil - plant elements
(Fig 3.5) by empirical analysis.
Nine land units : three sunny (northerly facing); one head of catchment; five dark (southerly
facing).
Main Discerning Physical Features
Study Area
Three sunny land units - northerly aspect
1. dry terrace unit at front
2. silver - hard tussock unit
3. snow tussock and tor unit
One westerly land unit
4. head
Five dark land units - southerly aspect
5. sloping rock outcrops
6. slump
7. snow tussock (darkest aspect)
8. scattered snow tussock
9. front (low ridge).
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An initial soil transect survey was undertaken with two altitudinal sequences on each
aspect - the first in the front portion and second in the mid portion of the catchment. Within each
transect soils were sampled according to slope component:
upper slope (shoulder)
mid slope
toe slope to lower mid slope (see Fig. 3.4)
Altitudes and aspects are listed in Table 3.1 while the soil survey profile descriptions for
the initial soil resource transect are listed in Appendix 3.1. and 3.2. Tables 3.2 - 3.7 list soil
resource transect survey chemical analysis data. Table 3.3 contains data from an extra profile for
the mid slope (B) to represent the front sunny portion of the catchment which only had an A
horizon covering solid rock.
3.7.2 FEATURES OF IDGH COUNTRY YELLOW-BROWN EARm SOIL
PROFILES
The principal profile features of high country yellow-brown earths are : greyish-brown to
dark greyish-brown topsoils (most A horizons have hue/value combinations of lOYR3 and lOYR4
and to a lesser extent lOYR2 and lOYR5 with chromas of two (Leamy, 1971)) that are loose to
very friable in fine sandy loams and friable to very friable when textures are silt loams with
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weakly developed granular or crumb structure. Subsoils are brownish-yellow to pale yellow and
yellowish-brown (most have lOYRS combinations of hue and value with chromas ranging between
four and eight (Leamy, 1971» sandy loams and silt loams, friable to very friable with weakly
developed crumb to nutty or blocky structure. These soils are subject to intense ground frosts and
have weakly developed fine crumb structure with low bulk density (0.75 - 1.0 glee) (Soil Bureau
Bulletin 27, 1968). Plate 2 shows the soil profiles for sites 2 - 7.
Study Area
Plate 2 View of soil profiles sites 2 to 7.
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Plate 2 View of soil profiles sites 2 to 7.
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Table 3.2 Transects Aspect and Altitude (m).
Transect 1 Northerly Southerly
Upper Slope 914 914
Mid Slope 823 830
Lower Slope 762 747
Transect 2 Northerly Southerly
Upper Slope 1158 1158
Mid Slope 945 1056
Lower Slope 823 823
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Additional soil chemical data for carbon %, C:N ratio, CEC, Calcium, Magnesium, Potassium,
Sodium, and total exhangable bases are presented in the corresponding appendices.
Table 3.3 Soil resource transects survey - chemical analysis data for Sunny North aspect
Transect 1.
TRANSECT Upper Slope Mid Slope Lower Slope
Horizon A B A B A B
pH 5.8 5.5 5.6 6.5 5.5 4.9
%N 0.2 0.2 0.2 0.1 0.3 0.1
BS% 45.9 36.3 95.1 68.4 49.8 8.3
Study Area
Table 3.4 Soil Resource Transects Survey - Chemical Analysis Data for Sunny Extra
Profile - midslope, Horizon A (sitting on bedrock).
pH 5.7
%N 0.2
BS% 60.1
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Table 3.5 Soil Resource Transects Survey - Chemical Analysis Data for Sunny North aspect
Transect 2.
TRANSECT Upper Slope Mid Slope Lower Slope
Horizon A B A B A B
pH 4.9 4.9 5.5 5.6 5.3 5.2
%N 0.2 0.2 0.2 0.1 0.2 0.2
BS% 16.1 4.8 39.8 10.3 68.6 16.2
Table 3.6 Soil Resource Transects Survey - Chemical Analysis Data for South aspect
Transect 1.
TRANSECT Upper Slope Mid Slope Lower Slope
Horizon A B A B A B
pH 4.9 5.0 4.9 5.0 4.8 5.1
%N 0.2 0.1 0.3 0.1 0.3 0.1
BS% 10.3 2.2 17.9 6.1 7.1 2.6
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Table 3.7 Soil Resource Transects Survey - Chemical Analysis Data for South aspect
Transect 2.
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TRANSECT Upper Slope Mid Slope Lower Slope
Horizon A B A B A B
pH 4.8 5.0 4.6 5.0 4.8 5.1
%N 0.3 0.1 0.4 0.1 0.3 0.1
BS% 4.9 5.3 11.1 5.0 9.1 4.8
The percentage of soil fines was estimated by taking the total weight of each sample, sieving
the soil through a 2mm sieve and weighing this fraction and the stones (Appendix Table 3.8). (In
order to keep the table and appendice numbers corresponding there is no table 3.8 or Appendix
Table 3.9).
3.7.3 TRIAL SITE SOIL CHEMICAL DATA
From this initial survey seven sites were chosen for more detailed vegetation trends,soil
analysis and legume establishment and pasture production trials. Table 3.9 shows site altitude and
aspect and relationship of site to soil resource transects survey. Fig. 3.6 shows the spatial
orientation of the seven sites in the study catchment.
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Table 3.9. Trial Site Altitude and Aspect.
Site Altitude (m) Aspect Transect Slope Grid Reference
NZMS 260 G39
1 823 northerly North Mid 464332
aspect 1
2 823 northerly North Mid 456328
aspect 1
3 868 northerly North Mid 451 323
aspect 2
4 1036 northerly North Mid 460226
aspect 2
5 731 northerly North Lower 459332
aspect 1
6 747 southerly South Lower 456333
aspect 1
7 838 southerly South Upper 459336
aspect 1
Plates 3 and 4 show the seven trial sites in late December 1977.
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Plate 3 View of trial sites 1-4, spring 1977.
1
3
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4
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Plate 4 View of trial sites 5-7, spring 1977.
5
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7
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For each trial site the following analyses were determined for the soils - pH, %N, and base
saturation % (BS%) are presented in this chapter, and additional analyses, %C, cation exchange
capacity (CEC) me%; Ca, Mg, K and Na in me%; and P retention are presented in Appendix 3.
The sum of total exchangeable bases (TEB),and C:N ratios were then calculated. Quick tests for
pH, Ca, Mg, K, Olsen P and sulphate-S (ppm) were also determined (Tables 3.10 - 3.16).
Table 3.10 Soil Chemical Data in Depth Increments (em) for Site 1.
Depth (em) 0-10 10-20 20-30 30-40 40-50
pH 6.0 6.0 6.0 6.2 6.3
%N 0.3 0.2 0.2 0.1 0.1
BS% 84.1 63.7 55.7 55.4 53.3
Table 3.11 Soil Chemical Data in Depth Increments (em) for Site 2.
!Depth (em) 0-10 10-20 20-30 30-40 40-50
pH 5.5 5.6 5.7 5.7 5.6
%N 0.3 0.2 0.2 0.1 0.1
IBS% 62.0 40.0 37.4 21.2 12.3
Table 3.12 Soil Chemical Data in Depth Increments (em) for Site 3.
Depth (em) 0-10 10-20 20-30 30-40 40-50
pH 5.5 5.3 5.4 5.6 5.4
%N 0.2 0.2 0.1 0.1 0.1
BS% 48.3 23.6 12.3 9.8 12.1
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Table 3.13 Soil Chemical Data in Depth Increments (em) for Site 4.
Depth (em) 0-10 10-20 20-30 30-40 40-50
pH 5.5 5.2 5.3 5.4 5.3
%N 0.2 0.2 0.1 0.1 0.1
BS% 45.7 16.0 10.2 6.0 5.8
Table 3.14 Soil Chemical Data in Depth Increments (em) for Site 5.
Depth (em) 0-10 10-20 20-30 30-40 40-50
pH 5.6 5.6 5.7 5.6 5.7
%N 0.4 0.2 0.2 0.2 0.1
BS% 82.1 52.8 46.1 37.8 27.6
Table 3.15 Soil Chemical Data in Depth Increments (em) for Site 6.
Depth (em) 0-10 10-20 20-30 30-40 40-50
pH 5.0 4.9 5.0 4.9 5.0
%N 0.4 0.3 0.2 0.2 0.1
BS% 22.4 11.6 8.2 5.0 6.7
Table 3.16 Soil Chemical Data in Depth Increments (em) for Site 7.
Depth (em) 0-10 10-20 20-30 30-40 40-50
pH 5.1 5.0 5.0 5.1 5.0
%N 0.3 0.3 0.2 0.2 0.1
BS% 21.3 13.5 8.6 6.5 8.4
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3.7.4 TRIAL SITE SOIL PHYSICAL DATA
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Gravimetric moisture in 3 depth increments was measured for each site at approximately 2
week intervals ("- II denotes no sample taken) (Appendix Table 3.17). The bulk of plant roots
under pasture occur in the top 30 cm. Although roots do penetrate to greater depths, water uptake
is greatest from the top 30 cm (Evans, 1978). (In order to keep the table and appendice numbers
corresponding there is no Table 3.17 or Appendix Table 3.18).
Field capacities for the 0-10 cm increment for each site are shown in Table 3.18.
Table 3.18 Field Capacity (% moisture content) for 0-10 cm, Sites 1-7.
SITE FIELD ASPECT SLOPE
CAPACITY
1 15.8 N Mid
2 22.8 N Mid
3 24.1 N Mid
4 23.9 N Upper
5 27.5 N Lower
6 36.1 S Lower
7 43.2 S Upper
Higher moisture content and water holding capacity in soils from southerly facing slopes than on
.northerly facing slopes was also recorded by Cuff (1973).
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Table 3.19 Masterate study soil monitoring on Longslip Station 1978 and 1992.
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Site I Year pH P S %C %N Al ppm
1 78 5.8 8 4 4.1 0.33 nm*
1 92 5.8 13 6 4.2 0.36 1.3
2 78 5.4 8 2 4.6 0.32 nm*
2 92 5.5 5 6 3.3 0.24 2.3
3 78 5.6 10 4 3.5 0.24 nm*
3 92 5.3 6 2 2.3 0.15 5.8
4 78 5.4 11 6 3.9 0.24 nm*
4 92 5.4 19 9 3.6 0.27 7.6
5 78 5.5 9 3 5.0 0.37 nm*
5 92 5.6 14 7 4.6 0.34 1.8
6 78 5.2 10 6 6.0 0.39 nm*
6 92 4.9 7 5 5.6 0.32 22.7
7 78 5.2 8 2 4.8 0.30 nm*
7 92 5.0 6 17 4.3 0.29 38.1
Mean 78 5.4 9 4 4.6 0.31 nm*
Mean 92 5.4 10 7 4.0 0.28 11.4
nm* = not measured
Table 3.19 shows soil chemical data both predevelopment 1978 and post development 1992 for
pH, P, S, C and N.
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3.8 DISCUSSION
3.8.1 SOIL DIFFERENCES WITH ASPECT AND ALTITUDE
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Differences between aspects in the study area were most evident in those properties affected by
leaching: pH, Olsen P, exchangeable cations and base saturation values were higher on northerly
facing slopes. This was similar to the findings of McIntosh et al. (1981). P-retention values of
topsoils on southerly facing slopes were double those of low to mid-altitude northerly faces with
the high northerly face being in between. P-retention values increased markedly with depth on all
sites except Site 1. Differences in C:N ratios were consistent with Cuff's (1973) observations
who found lower C:N ratios on northerly slopes compared to southerly ones. He also recorded
higher pH's on northerly facing slopes compared to southerly ones.
Leamy (1971) discussed upland and high country yellow-brown earths and derived their main
characteristics by selecting soils sets typical of each and combining all information concerning
them. The four high country yellow-brown earth soil sets selected for detailed scrutiny (Teviot,
Kirkliston, Puketeraki and Carrick) occur on undulating, rolling and hilly slopes and include
examples of soils developed both on greywacke and on schist from 550-1680 m asl. However
soils with a dry hygrous moisture regime were excluded as also were steepland soils.
The pH of soil is a reflection of many dynamic and interactive processes. Acid soils
commonly occur in areas or those parts of the landscape where rainfall exceeds transpiration and
evaporation, resulting in the leaching of basic cations and weathering of soil minerals. Leamy
(1971) considered pH values to be among the least variable of the chemical properties with the
dispersion of pH values in A horizons of 35 high country yellow-brown earths sampled to have an
average of 5.0 (range 4.6-5.4) and a standard deviation of 0.42 and a coefficient of variation of
8%. Whereas the pH of the B horizon from 30 samples had an average of 5.1 (range 4.7-5.5)
and a standard deviation of 0.41 and a coefficient of variation of 8%. From Soil Bureau Bulletin
1968 three dry hygrous yellow-brown earth soil sets on steeplands had an average pH of 6.2
(range 5.6-6.7) in the A horizon and for the B horizon the average was 5.9 (range 5.7-6.0). For
the six hygrous high country yellow-brown earths soil sets on steeplands and hills in Soil Bureau
Bulletin 1968 the average pH in the A horizon was 5.2 (range 4.5-5.3) and B horizon was 5.2 and
the range 4.7-5.6. The range of pH values measured (4.8-6.5)in the study area was within the
above parameters reflecting the influences of aspect and altitude being higher at lower altitude and
sunny versus shady aspects.
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Leamy (1971) found the N content of 31 A horizons to average 0.31 % with a range from
0.23-0.39 % with a standard deviation of 0.08 and a coefficient of variation of 26%. For 21 B
horizons the average percent nitrogen was 0.16% with a range from 0.09-0.23 % with a standard
deviation of 0.07 and a coefficient of variation of 44%. From Soil Bureau Bulletin 1968 three dry
hygrous yellow-brown earth soil sets on steeplands had an average percent nitrogen of 0.28 (range
0.19-0.34) in the A horizon. For the six hygrous high country yellow-brown earths in Soil
Bureau Bulletin 1968 the average percent nitrogen in the A horizon was 0.31 (range 0.18-0.48)
and B horizon (2 sets only) was 0.21 and the range 0.09-0.33. The range of soil %N values
measured in the study area trial sites was within the above parameters for the A horizon being
0.18-0.39 and the B horizon 0.07-0.17.
Leamy (1971) reported the C content of the A horizon from 32 high country yellow-brown
earths to be 5% with a range from 3 - 7 %, a standard deviation of 2% and a coefficient of
variation of 40%. For 20 B horizons the average was 2.5% with a range from 1.2 - 3.8 % and a
coefficient of variation of 52%. From Soil Bureau Bulletin (1968a) three dry hygrous yellow-
brown earth soil sets on steeplands had an average C content of 3.7% (range 2.5-4.7) in the A
horizon. For the six high hygrous country yellow-brown earths in Soil Bureau Bulletin 1968 the
average percent carbon in the A horizon is 5.0 (range 2.1-8.5) and B horizon (2 sets only) is 1.7
and the range 1.1-2.2. The range of soil %C values measured in the study area trial sites was
within the above parameters being 2.55-5.95 for the A horizon and 0.66-2.60 for the B horizon.
Leamy (1971) reported C:N ratios for 29 A horizons to average 17 with a range from 14 - 20
giving a standard deviation of 3 and a coefficient of variation of 17 %. For 19 B horizons the
average was 15 with a range from 11.5 - 18.5 with a standard deviation of 3.5 and a coefficient of
variation of 23 %. From Soil Bureau Bulletin 1968 three dry hygrous yellow-brown earth soil sets
on steeplands had an average C:N ratio of 13 (range 11-15) in the A horizon. For the six hygrous
high country yellow-brown earths in Soil Bureau Bulletin 1968 the average C:N ratio in the A
horizon was 16 (range 12-21) and B horizon (2 sets only) was 9.5 and the range 7-12. The range
of soil C:N values measured in the study area trial sites was within the above parameters being
1: 12.45-1: 16.29 for the A horizon and 1:9.29-1: 15.67 for the B horizon.
Leamy (1971) reported cation exchange capacities (me%) for 29 A horizons to average 19.1
with a range from 15.6 - 22.6% with a standard deviation of 3.5 and a coefficient of variation of
18%. For 26 B horizons the average was 14.3 with a range from 11.0 - 17.6 with a standard
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deviation of 3.3 and a coefficient of variation of 23 %. From Soil Bureau Bulletin 1968 three dry
hygrous yellow-brown earth soil sets on steeplands had an average CEC of 17.0 (range 15.7-19.4)
in the A horizon. For the six hygrous high country yellow-brown earths in Soil Bureau Bulletin
1968 the average CEC in the A horizon was 21.5 (range 17.6-27.4) and B horizon was 19.2 and
the range 12.7-26.0. The range of soil cation exchange capacity values measured in the study
area trial sites was within the above parameters being 13.1-23.60 for the A horizon and 8.75-
17.25 for the B horizon.
Leamy (1971) reported base saturation percentages for 29 A horizons to have an average of 21
with a range from 10 J32 with a standard deviation of 11 and a coefficient of variation of 52 %.
For 26 B horizons the average was 8 with a range from 3 - 13 with a standard deviation of 5 and
a coefficient of variation of 62 %. From Soil Bureau Bulletin 1968 three dry hygrous yellow-
brown earth soil sets on steeplands had an average base saturation of 62 (range 51-73). For the
six hygrous high country yellow-brown earths in Soil Bureau Bulletin 1968 the average percent
base saturation in the A horizon was 23% (range 3-36) and B horizon was 1.7 and the range 0.3-
3.4. The range of soil base saturation values measured in the study area trial sites was within the
above parameters being 11.56-84.10 for the A horizon and 5.04-55.43 for the B horizon.
Leamy (1971) did not report the distribution of analytical values for Ca, Mg, K, Na, TEBsum,
or P-retention in high country yellow brown earths, but did provide them for a Teviot silt loam.
The range of soil calcium (me%) values measured in the study area trial sites was 1.05-11.92
for the A horizon and 0.21-4.50 for the B horizon whereas Leamy's Teviot silt loam varied from
0.9-3.9 for the A horizon and from 0.2-0.2 for the B horizon.
The range of soil magnesium (me%) values measured in the study area trial sites was 0.42-
2.10 for the A horizon and 0.10-1.39 for the B horizon whereas Leamy's Teviot silt loam varied
from 0.66-2.10 for the A horizon and from 0.14-0.29 for the B horizon.
The range of soil potassium (me%) values measured in the study area trial sites was 0.49-1.40
for the A horizon and 0.10-0.82 for the B horizon whereas Leamy's Teviot silt loam varied from
0.44-1.27 for the A horizon and from 0.02-0.04 for the B horizon.
The range of soil sodium (me%) values measured in the study area trial sites was 0.02-0.23 for
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the A horizon and 0.02-0.18 for the B horizon whereas Leamy's Teviot silt loam varied from
0.08-0.10 for the A horizon and from 0.03-0.05 for the B horizon.
The range of soil total exchangeable bases(sum)(me%) values measured in the study area trial
sites was 2.34-15.31 for the A horizon and 0.69-6.21 for the B horizon whereas Leamy's Teviot
silt loam varied from 1.70-6.80 for the A horizon and from 0.30-0.60 for the B horizon.
The range of soil phosphate retention (%) values measured in the study area trial sites was
19.25-57.00 for the A horizon and 13.50-65.50 for the B horizon whereas Leamy's Teviot silt
loam varied from 36-46 for the A horizon and from 36-38 for the B horizon.
The range of soil quick test phosphorus (Olsen) values measured in the study area trial sites
was 5-11 for the A horizon and 2-34 for the B horizon.
The range of soil quick test sulphate-sulphur (ppm) values measured in the study area trial sites
was 2-6 for the A horizon and 2-5 for the B horizon.
The soil monitoring indicates that the pH, P, %C and %N are similar to predevelopment levels
whilst only S has risen significantly (Table 3.19).
3.9 VEGETATION SURVEY
3.9.1 INTRODUCTION
Differences in botanical composition of pastures can be considered a reflection of the
prevailing environment with three main determinants :
1. Competition among plants e.g., for nutrients or light.
2. Stress within the physical environment e.g., moisture or nutrient deficiency.
3. Disturbance e.g., defoliation or treading by grazing animals (Lambert et ai., 1986).
The distribution and nature (density and vigour) of vegetation throughout any ecosystem is
markedly influenced by climatic factors especially those related to soil moisture, soil fertility and
soil temperature (diurnal and seasonal). Soil temperature especially is influenced by aspect and
altitude as also is amount and nature of precipitation (rain versus snow) (Hughes, 1965).
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3.9.2 METHOD
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The point analysis sampling method expressing vegetation in terms of cover (Levy & Madden,
1933) with a 510 mm sampling frame supporting a line of 5 pointed needles spaced at 100 mm
intervals was used. The first hit only was recorded.
Seven transects were selected to be representative of the three slope components for the chosen
land units for further study (Fig. 2., overlay 3). From a permanent peg a tape was stretched
downhill 20 m. The frame was placed randomly down the tape line in metre gradations and a
series of five readings were recorded.
Spring and autumn point analysis recordings were taken to quantify the resident vegetation at
each trial site, Table 3.18 and Fig. 2.5. The amount of sweet vernal and white clover present is a
reflection of the low natural fertility. Natives are more prevalent on the southerly (Sites 6 and 7)
and higher northerly sites (Site 4) than at the lower northerly sites (Sites 1, 2 and 5) where the
vegetation is modified to a greater degree.
Plates 5-7 show the unimporved vegetation for sites 1 and 2; 3-5; 6 and 7 respectively. The
response to fertiliser and seed is clearly shown in plate 8 which is a view of sites 4 and 5 in
December 1978. Note the response of white clover on both sites and red clover on the bottom
left hand side of trial site five.
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Plate 5 Unimproved vegetation, Sites 1 and 2, April 1977.
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Plate 6 UnimprOl'ed vegelainn, Sitt'!' 3, 4 and S. April 1977.
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Plate 7 Unimproved vegetation, Sites 6 and 7, April 1977.
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Plate 8 Sites 4 and 5, December 1978 - response to fertiliser and seed 16 months after
sowing.
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Table 3.20 Vegetation Survey by Point Analysis, Autumn and Spring 1977, for Sites 1-7.
% of 100 hits.
Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7
Aut Spr Aut Spr Aut Spr Aut Spr Aut Spr Aut Spr Aut Spr
Litter 15.5 20 17 26 21 35 28.5 30 23.5 2C 17.5 37 23 32.5
Bare 1] 15 9.5 13 24 26 31 17 3.5 Ie 6 '1 12 15.5.J
Rock 4.5 6 3.5 2 2 ':\ 4 4 17 5 2 C 5.5 3oJ
rrOTAL 33 41 3~ 41 47 64 63.5 51 44 35 25.5 4~ 40.5 51
GRAMINAE
~nthoxanthum 29.5 14 35 26 21 15 9.5 4 25.5 23 28 14 '1 3
odoratum
I$lymus rectisetus C 0 C 1 C 1 e '1 e 2 1.5 '1 5 3oJ .J
~grostis capillaris C () 0.5 () 1 1 e 0 0.5 () 2.5 C C ()
Chionochloa rigida ( () ( e ( () 2.5 '1 ( C 0 ( 1.5 eoJ
lFestuca novae- e '1 1.5 e It; 8 3 13 3.5 2 8.5 Ie 2.5 12oJ
l7elandiae
lHolcus spp 4.5 () 2.5 e 1.5 2 4 '1 ~ e 1.5 '1 11 4oJ .J
lPoa colensoi 2 1 C () C ( e 0 1 1 1.5 C C ()
If?ytidosperma spp 13 26 15.5 15 1.5 ( () () 5 13 1 C C ()
Other Poa spp C 0 e () c 4 1.5 0 e e ( c C 0.5
TOTAL 49 44 55 42 44 31 20.5 26 42.5 41 44.5 3~ 23 22.5
NON-GRAMINAE
Trifolium repens 2 'l C () C ( e () 1 e ( 2 C ()
Trifolium dubium e ( e () e c () 0 C () e e e ()
rrOTAL 2 3 ~ 0 ~ ~ 0 0 1 0 ~ 2 ~ 0
OTHER FRACTION
Native herbs 7.5 ~ 11.5 11 7 1 1() 14 8 10 15 18 31.5 18
Adventitious weeds 8.5 4 3.5 ( 2 2 6 c; 4.5 14 15 1() 5 8.5
TOTAL 16 12 15 1'j 9 5 16 23 12.5 24 3~ 28 36.5 23.5
GRAND TOTAL 10~ 10e 10~ 10e 10~ 10~ 10~ 10e 10~ 100 10~ 10~ 10~ 100
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The presence of grass species such as browntop (Agrostis capillaris L.), sweet vernal
(Anthoxanthum odoratum L.), Yorkshire fog (Holcus lanatus L.) and legumes like suckling clover
(Trifolium dubium Sibth) is a reflection of the greater tolerance to lower fertility than species such
as ryegrass and white clover (Trifolium repens L.) (Lancashire, 1984).
The entire trial area of the catchment was commercially oversown in mid-August 1979 with
4kg/ha of white clover (Trifolium repens) cv.Grasslands Huia white clover and 3kglha of
(Trifolium hybridium) alsike clover (commercially inoculated and coated seed) and 1 kglha each of
perennial ryegrass (Lolium perenne) cv.Ruanui and cocksfoot (Dactylis glomerata) cv.Apanui. It
was topdressed with sulphur-super-extra (0 7 0 27) at 300 kglha in 1979 and 200 kg/ha in 1980.
Up to 1993 fertiliser input has averaged 100 kg of Sulphur Super Extra (0-7-0-27)/annum and in
split dressings 4 stock units/hectare/annum has been sustained.
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Table 3.21 Vegetation Trends by Point Analysis before and after oversowing and topdressing
on Longslip.
Site Tussock Other Sweet Natives & Clover Non-Veg
Grasses Vernal Weeds
1 native 3 27 14 12 3 41
1 o/sown '84 12 8 26 2 34 16
1 o/sown '92 6 3 13 28 27 23
2 native 0 16 26 17 0 41
2 o/sown '84 0 3 31 4 49 14
2 o/sown '92 1 53 11 11 15 9
3 native 10 6 15 5 0 64
3 o/sown '84 0 0 30 1 52 17
3 o/sown '92 2 16 32 18 17 15
4 native 19 3 4 23 0 51
4 o/sown '84 13 5 32 0 46 28
4 o/sown '92 13 4 23 12 20 28
5 native 2 16 23 24 0 35
5 o/sown '84 4 6 37 9 16 29
5 o/sown '92 3 49 4 5 23 16
6 native 13 3 14 28 2 40
6 o/sown '84 1 2 28 4 34 30
6 o/sown '92 2 39 13 32 4 10
7 native 16 3 3 27 0 51
7 o/sown '84 14 9 15 4 31 29
7 o/sown '92 12 3 32 21 14 18
Mean native 9 11 14 19 1 46
Mean o/sown '84 6 5 28 3 37 23
Mean o/sown '92 6 24 18 18 17 17
The initial decline in tussocks from 9% predevelopment to 6% has stabilised. Clover has
increased dramatically from 1% predevelopment to 37% in 1984 but has declined to 17% in 1992.
The non-vegetative component has declined from 46% predevelopment down to 17% in 1992
which is a mainly a reflection of the reduction of bare ground. Sweet vernal rose with initial
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development but has since declined to near predevelopment levels. Other grasses especially
browntop have increased compared to predevelopment levels. Natives and weeds are back to
predevelopment levels after a significant decline in 1984 due to the dominance of white clover
(Table 3).
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Table 3.22 Non-vegetative Component (litter, rock, bare and total of the 3 components
mean) for Vegetation Trends by Point Analysis,early November
1984,compared to Spring 1978. [o/sown = block commercially oversown and
topdressed for 5 years.]
Site Litter Rock Bare Mean
1 native 20 6 15 41
lo/sown 12 2 2 16
12 native 26 2 13 41
12 o/sown 10 2 2 14
3 native 35 3 26 64
30/sown 13 1 3 17
14 native 30 4 17 51
14 o/sown 26 0 2 28
15 native 20 5 10 35
~ o/sown 29 0 0 29
~ native 37 0 3 40
~ o/sown 21 0 9 30
17 native 33 3 15 51
17 o/sown 22 0 7 29
Mean native 29 3 14 46
Mean 19 1 3 23
Io/sown
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3.9.3 DISCUSSION
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The pasture improvement by oversowing and topdressing is reflected by the abundance of
clover on all sites compared to the native. This is also reflected in a greater presence of grasses,
whilst the bare ground, rock and litter recordings are all significantly reduced. The distribution of
pasture species is related to topography, especially as this is affected by animal treading, depletion
or enrichment of nutrients through animals or soil moisture conditions (Radcliffe, 1982).
Both developed and undeveloped tussock grasslands contain many species which vary in
abundance, distribution and acceptability of feed value to stock. The effect on species
composition, diet and mineral nutrition of sheep, for developed versus undeveloped tussock
grassland pasture is described by Grace & Scott (1974); Scott & Maunsell, (1974); Hughes,
(1975). The study was undertaken at "Ribbonwood", 15 km north from the present study
catchment. Both hill blocks were predominantly slopes of north to north-east aspect extending
from outwash flats at 640 m altitude up to ridges at 1040 m altitude with an average rainfall of
796 mm. The developed block had been oversown and topdressed five years previously receiving
1,000 kglha superphosphate fertiliser over this time. In conjunction with two smaller blocks it
was being rotationally mob stocked at an effective annual rate of 7 sheep/ha (halfbred ewe
hoggets).
The long term stocking rate as an undeveloped block was 0.75 stock units/ha/annum. The
block was visually divided into patterns of landform-vegetation types. Within these permanent
transects were established and distributed among the 5 different types in each block according to
their approximate area and likely animal utilisation. In Table 3.23 Scott & Maunsell (1974)
summarise their data from all transects and from all sampling dates to produce for each of the two
blocks a list of the 12 most abundant species ranked in descending order of abundance. These
observations indicate that several of the dominant species of tussock grassland are relatively
unacceptable and that the main components of a sheep's diet are the smaller inter-tussock species.
Thus diet is a function of at least vegetation composition and selectivity of the animal. This table
shows the high rank values of the undeveloped block of the comparatively unacceptable (to sheep)
Festuca novae-zelandiae, Discaria toumatou, Cyathodes fraseri, Carex spp. and Pteridium
aquilinum. In contrast, only Discaria toumatou and Festuca novae-zelandiae of this group appear
among the 12 most abundant species on the developed block. On this block, the deliberately
introduced species Trifolium repens, Dactylis glomerata and Lalium perenne had persisted to form
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an important part of the herbage. On both developed and undeveloped blocks the adventive
species Agrostis capillaris, Anthoxanthum odoratum and Festuca rubra were prominent in
descending order respectively. Hypochaeris radicata was the most abundant flatweed on each
site. Hieracium praealtum featured in the undeveloped block only.
Table 3.23 The most important species on the developed and undeveloped blocks at
"Ribbonwood" in approximate order of importance (Scott & Maunsell, 1974).
BLOCK A - Developed
Agrostis capillaris
Anthoxanthum odoratum
Trifolium repens
Discaria toumatou
Festuca novae-zelandiae
Festuca rubra
Dactylis glomerata
Notodanthonia clavata
Achillea millejolium
Hypochoeris radicata
Trifolium dubium
Lolium perenne
BLOCK B - Undeveloped
Festuca novae-zelandiae
Agrostis tenuis
Anthoxanthum odoratum
Discaria toumatou
Hypochoeris radicata
Notodanthonia clavata
Hieracium praealtum
Cyathodes jraseri
Festuca rubra
Carex spp.
Pteridium aquilinum
Crepis capillaris
Aspect has a marked influence on vegetation incidence and variety. North-west aspects are
subject to more severe moisture stress than other aspects due to greater radiation incidence,
exposure to drying north-west winds and inherently lower water holding capacity. Consequently
the incidence of bare ground is also highest so species better suited to exploitation of such
regeneration niches e.g., suckling clover, danthonia, are more stress tolerant (Lambert et al.,
1986). This is supported by the point analysis for Notodanthonia species, Sites 1 and 2 having
the highest abundance.
3.10 CONCLUSION
The average soil test analytical values for the O-lOcm depth for the seven trial sites in the
study were: pH 5.46, %N 0.31, %C 4.50, C:N ratio 1:14.48, CEC 17.78, Ca (me%) 6.28, Mg
(me%) 1.47, K(me%) 1.06, Na (me%) 0.16, TEBsum 8.97, BS% 52.27, P-retention % 29.89.
The quick test average values were: Olsen P 9, sulphate-S 4.
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A botanical survey of the resident vegetation indicated across all sites a moderate percentage of
introduced adventitious flora (24.0%) and a high percentage of bare ground, rocks and litter
(46.1 %) and a moderate percentage of natives (29.2%) and a low percentage of legumes (0.7%)
with only low fertility tolerant adventitious grasses present.
A botanical survey of the vegetation present in November 1984, five years after the entire area
was commercially oversown and topdressed, indicated across all sites a high percentage of
introduced adventitious flora (67.43 %, including a moderate percentage of legumes - 37.4%), a
low to moderate percentage of bare ground, rocks and litter (22.4%) and a low percentage of
natives (10.2 %) with only low fertility tolerant grasses present although some cocksfoot and
ryegrass had established from the initial oversowing mix outside the areas sampled.
3.11 SUMMARY AND CONCLUSIONS
A 400 hectare catchment on Longslip Station, Omarama, was studied and analysed from a
climate/soil/plant/animal perspective to assess its likely suitability and response to an oversowing
and topdressing programme. This involved a physical description of the catchment attributes in
terms of its soils and resident vegetation as they relate to landscape with emphasis on aspect,
altitude and rainfall. When all of these data were compared with the information, knowledge and
experience gained elsewhere, it strongly indicated the potential for, and likely success, for a
pasture improvement programme to be implemented in the catchment.
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CHAPTER 4
PLANT SELECTION AND ESTABLISH:MENT
4.1 ABSTRACT
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White clover is the most suited of the commonly available pasture legumes for oversowing
and topdressing on Longslip followed by alsike and red clovers, with Maku lotus having little
potential role. There is a role for rhizomatous legumes to be selected and bred for the high
country situation that are more persistent, deep rooted, invaders of bare ground and competitive
against Hieracium invasion even if not intitally as productive as white clover. Following spring
sowing the seedling vigour and establishment of a typical oversowing and topdressing mix were
measured on seven sites incorporating a range of soils with contrasting aspect and altitude and
showed that there were no establishment problems for commercially coated and inoculated legume
seed but that grass establishment (even when commercially coated) is difficult and unreliable.
4.2 INTRODUCTION
In humid temperate regions where symbiotically-fixed leguminous nitrogen is the basis of
pastoral farming, the maintenance of high producing pastures is dependent on a vigorous
leguminous component which needs to be well adapted to the local conditions. The low content of
legumes is a feature of New Zealand hill pastures (Suckling, 1966), and the indigenous tussock
grasslands of the South Island are almost devoid of legumes and consequently are low producing
in their natural state (Leamy et al., 1974; McLeod, 1974). However, legumes are of prime
importance in the hill and high country due to the naturally low soil nitrogen status (Scott et al. ,
1985). The main factors limiting legume growth are deficiencies of sulphur, phosphorus and
molybdenum; ineffective nodulation; and acid soil conditions (Leamy et al., 1974).
Traditionally white clover is the most common and widely used legume to achieve this on
soils of medium to high fertility and areas with a well distributed and adequate rainfall (Leamy et
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ai., 1974). White clover is a successful coloniser but in the long term it is competitively at a
disadvantage to grasses in the unstable ecological state of improved pastures (Stahle, 1987). Due
to the fact that pasture development by cultivation is limited by topography, land suitability and
economics, oversowing and topdressing dominates South Island high country land development,
using a mixture of red,white and alsike clovers and sometimes cocksfoot and ryegrass. This mix,
in varying proportions, is still widely used despite clear evidence that the performance of
individual species varies greatly according to temperature, moisture, fertility and management.
Allan & Chapman (1987) reviewed the lessons learnt from 30 years of improvement and
management on oversown tussock country from 500 - 1,000 m altitude at 500 mm annual rainfall.
White clover was clearly the most successful of the oversown clovers but was most frequent on
shady aspects. Red and alsike displayed similar landscape and management preferences but will
not persist so well as white on blocks that are well utilised. Cocksfoot in time will become the
dominant grass species under lax grazing and is invaluable in providing grazing through the winter
months. Ryegrass was the only introduced species to display an increase in frequency associated
with controlled utilisation especially on the more fertile soils below 750 m.
The successful introduction and maintenance of legumes in a pasture is initially dependent on
their colonising ability and subsequently on pasture management and the frequency, amount and
chemical analysis of applied fertiliser. At the time that this masterate trial was being designed
(1977) Maku lotus was being widely promoted as being as productive overall as white clover and
more persistent while at the same time requiring significantly lower fertiliser inputs.
Plant growth is affected by the interaction of four basic factors: light, water, nutrients and
in certain situations allelopathy (Macfarlane, 1980; Macfarlane et ai., 1982 a & b).
When attempting to establish legumes from oversowing there are four main factors which
can be manipulated to improve establishment (Ludecke et ai., 1969; Clifford, 1975; Musgrave,
1977b; Chapman et ai., 1985; Chapman & Fletcher, 1985):
1. Soil preparation - fertiliser requirements
2. Sward preparation for varying types of vegetation and cover
3. Seed preparation - inoculation and pelleting
4. Time of oversowing
Legume plant establishment is a combination of seedling establishment and nodulation
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effectiveness. Lowther (1977b) reviewed the factors affecting the response of clover establishment
to inoculation and pelleting. He concluded that correct techniques can markedly increase
establishment and subsequent dry matter production from oversown clover. Musgrave (1977b)
found that both germination and nodulation were optimum at earth temperatures of 3-7 °C for
white clover and lucerne, which varies from the first week in August to the first week in
November depending on aspect and altitude.
Hampton et at. (1987) studied the effect of temperature on the percentage germination of
4 legumes. Lucerne, white clover and red clover were not affected by temperature in the 5-20°C
range. Maku lotus on the other hand germinates poorly at 5°C and at a fluctuating temperature of
5 - 10 °C (16 hours and 8 hours per day respectively). Further studies by Charlton (1989)
showed the importance of seed size and selection to improve germination rate at low temperatures
(5-1O°C).
Optimum soil temperatures, coupled with sufficient soil moisture and nutrients, should
ensure good establishment depending on competition (resident vegetation and seedlings) and
allelopathy (Scott, 1975; Macfarlane, 1980; Macfarlane et at., 1982a & b). Scott (1975) reported
that a feature of oversowing in tussock grasslands has been the relative ease in establishing clovers
compared with the difficulty in establishing grasses~ Considering the superior rooting
characteristics of grass seedlings the reverse might be expected but the allelopathic interactions
reported may provide a partial explanation of the observed situation.
Excellent establishment, production sand persistence of cocksfoot and ryegrass from aerial
oversowing has been observed on several occasions on recently constructed tracks on freshly
disturbed soil, compared to nearby on intact sites. Through time these grasses have proved to be
extremely vigorous and persistent. Whether it is the disturbance, the deeper soil or the lack of
competition or a dynamic interaction is not known at present.
Scott & Archie (1976) found on dry hygrous yellow-brown earths in the Mackenzie
country, Festuca novae-zetandiae tussocks probably only have a small effect on germination of
oversown seed during initial germination in the September/November period. Their main
influence is during summer and autumn, when shading and higher soil temperatures on the south
side of tussocks, and slightly higher soil temperatures on the north side of tussocks than elsewhere
result in lower seedling mortality in these positions. The differences in establishment and
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mortality in the two growing seasons show that rainfall and consequent soil moisture are probably
more important than soil and air temperatures. Although seed of different species responded
similarly to experimental variables, there were large differences in establishment. In both seasons
white clover had the highest initial germination and persistence (0.2 % of seed sown). Red clover
showed high germination and persistence in the first season but not in the drier second year. Both
Lotus corniculatus L. and a Lotus hybrid (L.pedunculatus x L.comiculatus "Grasslands 4712")
showed high initial germination but seedlings did not persist through the summer. Grass had
lower initial establishment which was apparent in the first measurements, implying that the critical
stage for grasses is the initial germination phase, there being no difference between perennial
ryegrass and cocksfoot.
Red clover through its larger seed size has a competitive advantage over white clover
during initial germination. The red clover seedlings after germination have more rapid root
penetration to the deeper layers of the soil which are less liable to rapid drying out than the
surface layer (Evans, 1973).
In low fertility semi-arid (640 mm rainfall) tussock grassland (506 m altitude) in the
Mackenzie country only 0.1-0.7% of the white, red and alsike seed sown survived in dry seasons,
with little difference between species. Production in the second spring after sowing was about 1
and 2t DMlha for white and red clovers respectively. Alsike was nearly as productive as red
(Clifford, 1975).
4.3 PLANT SELECTION
Currently there is a narrow range of species and cultivars available commercially for
oversowing and these are primarily suited to lowland, high fertility situations.
The role of special purpose forage legumes has recently been reviewed by Rumbaugh
(1990). Agriculturalists have exploited only a few hundred of the eighteen thousand recognised
legume species. The search is on for new legume species where environmental stresses such as
soil acidity, drought and cold and biological stresses such as disease and insects restrict the
productivity and distribution of conventional species and where these species are better suited to
the needs of sustainable agriculture. Plant breeders have accelerated the development of
germplasm and cultivars of a few species to meet exacting adaptive requirements and uses. Many
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other genera have scarcely been exploited for agronomic potential. Hybridisation or other
procedures to transfer genes across specific and generic boundaries will be required to fully
exploit these legumes. The persistence of rhizomatous legumes such as Trifolium ambiguum
(Caucasian clover), Medicago sativa (lucerne) and Coronilla varia (crownvetch) show potential
promise for high country pastures especially the latter two which have selections for tolerance to
acid soils and aluminium (Rumbaugh, 1990). There is a role for rhizomatous legumes to be
selected and bred for the high country situation that are more persistent, deep-rooted invaders of
bare ground and competitive against Hieracium invasion even if not initially as productive as
white clover. The potential choices of legume species combinations in an oversowing mix is
frequently more important than cultivar selection (providing a local or adopted type is used). This
is only true cecause there are no poorly adapted cultivars on the market. There will be numerous
cultivars adapted to other zones which will be poor. At present this range is white, alsike and red
clovers and in specialist situations Maku lotus alone.
4.3.1 WHITE CLOVER (Trifolium repens L.)
i) Distribution and Importance
White clover is the most agronomically important of the 250 - 300 species in the genus
Trifolium. This genus, together with Medicago and Melilotus, is classified taxonomically in tribe
Trifolieae of subfamily Papilionoideae of the family Leguminosae (Williams, 1987b). Although a
temperate species, found where soil moisture is adequate for growth, white clover is widely
adapted to regions from the subantarctic to the subtropics and has a wide altitudinal range, being
reported from up to 6,000 m in the Himalayan Range of India. The likely centre of origin of
white clover is the Mediterranean area and the indigenous area includes the whole of Europe and
Central Asia west of Lake Baikal as well as areas in North Africa. Early settlers introduced the
species around most of the colonised world (Williams, 1987 a).
White clover is the most influential and significant legume in temperate climates, growing
wild or sown where there is sufficient moisture for growth. Being well adapted to the evenly
distributed rainfall and temperate climate, it is found virtually everywhere that the native
vegetation has been disturbed (Williams, 1987 a). It has contributed most to pasture improvement
in New Zealand due to its high dry matter productivity (Corkill, 1949; Lambert et al., 1986a &
b), and unsurpassed feeding value (Ulyatt, 1981) but also because of the beneficial effect on the
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yield of the associated pasture grasses through its nitrogen fixing ability (Corkill, 1949).
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The distribution and adaptation, characteristics, manage~ent and utilisation, breeding and
genetics as well as its pests and diseases of white clover are reviewed by Gibson & Cope (1985)
and in the treatise on white clover (Baker and Williams, 1987).
ii) Characteristics of White Clover
White clover is a natural tetraploid (Gibson & Cope, 1985). It is a white flowered, dense
leaved, stoloniferous and seed spreading perennial. White clover is a hairless plant, the leaflets
are distinctly serrated at the edges and further distinguished by a light coloured, crescentic leaf
mark (Langer, 1990). Normally each leaflet has this V-shaped white mark near the middle. The
presence or absence of the mark, and several variations of the mark, are controlled genetically by
an allelic series (Gibson & Cope, 1985). Variations of shape, position of the leaf mark and
intensity are controlled by a complex genetic locus designated "V" (Corkill, 1971; Williams,
1987c). Charles (1968) observed that under sheep grazing, white clover plants without leaf
markings survived better than marked plants. On the other hand Cahn & Harper (1976b)
demonstrated a clear preference by sheep for unmarked leaves where such leaves were more
common than marked leaves. It was suggested that genetic diversity for leaf markings might be
maintained by preferential selection by grazing sheep of leaves with the most common marking.
Resident white clover on Longslip is readily distinguished from Huia white clover by the absence
of a leaf mark. The absence of the white clover leaf mark has also been noted at Tara Hills in
some but not all of its native white clover populations (Allan, pers.comm).
iii) Growth Habit and Genetic Diversity
The strong competitive ability of white clover is due to its creeping habit from its
prostrate network of stolons and adventitious roots (Langer, 1990). This growth habit combined
with its vertical leaf petioles bearing three horizontal leaflets make it ideally adapted to grazed
pastures (Williams, 1983).
To be successful, however, a plant must possess not only a suitable set of "general"
fitness characters but also a set of "local" fitness characteristics for it to successfully establish in a
given environment. The nature of the "local" environment is complex and ever-changing, so that
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plants that may be well adapted to one particular location at one time may be less well adapted at
a later time or in a different location in the field. The high variability of the biotically induced
"local" environment exerts a strongly disruptive selection force on the white clover population and
thus maintains a high degree of variability. The stoloniferous nature of white clover may move
the plant into contact with a set of factors to which it is less well adapted. Here and there it will
be supplanted by other plants better adapted to the local conditions. Thus, by interaction of biotic
factors at a "local" level, a high degree of diversity of clover types can be maintained even in an
apparently uniform physical environment (Williams, 1987a).
This remarkable, adaptable diversity of white clover has been long recognised and
reported since the early days of New Zealand agriculture. In a manual of grasses and forage
plants useful to New Zealand, Mackay (1887) describes white clover as being present in every
kind of pasture land, familiar to every agriculturist and the value of it to the farmer being well-
known. From the circumstance of growing spontaneously in almost every kind of soil, few plants
vary so much in size: in very dry and poor sandy soils it is so often so small, and grows so flat
among the lower leaves of the herbage, that it is not perceptible unless a turf is cut and carefully
examined by dividing it. Simply by topdressing, a spontaneous crop of white clover appears
where it was never observed before, and without any additional supply of seed. Due to its habit
of growth it is able to maintain itself of soils of opposite natures from dry sandy soils to wet soils
(Mackay, 1887).
Cahn & Harper (1976a) found an average of 4.16 different plants with unique white leaf
markings in each lOxlO em square of an old lowland pasture in North Wales. The plant
population consisted of many plants in intimate genetic mixture. Variation among plants in a
single field has been studied by Harper, (1977) and Burdon, (1980). The latter study showed that
in a random sample of 50 plants from one 60 year old pasture in North Wales nearly every plant
was found to differ significantly from every other plant in at least 1 of 22 characters recorded.
Burdon (1980) proposed that the high genetic diversity in the sample pasture in North Wales was
maintained by strong local selection, i.e., selection exerted on a microscale within the field by
biotic factors such as identity, age, size of neighbouring plants, and sheep grazing. This "local"
selection occurred against a background of "general" factors common to the whole area, i.e.,
physical factors such as rainfall, frost days and nutrient availability, which determined whether the
species could grow in a particular area. The "local" environment may change radically from
place to place in the field and also from time to time. The result is a complex array of local
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directional selection forces which, in an otherwise uniform environment, are likely to dominate
the immediate fitness of individuals and produce selection on a microscale Williams (1987a).
iv) Adaptation of White Clover to Different Environmental Factors
Environmental factors to which there is recorded evidence of natural selection include
climatic, edaphic and cultural factors. The adaptation of white clover to certain environmental
factors dominates the genetic structure of the population (Williams, 1987a).
a) Climatic factors
Within the indigenous area of white clover a number of clear patterns of variation have
been found, most relating to climatic factors. Between the Mediterranean and northern Europe,
several gradations of characteristics occur which can be related to temperature. The most striking
of these relates to geographic variation (from south to north) in winter hardiness and winter
dormancy, Mediterranean populations usually being frost tender and winter active and northern
populations frost hardy and winter dormant (Williams, 1987a). A Spanish population shown to
have outstanding autumn-winter growth in northern New Zealand compared with naturalised New
Zealand populations was hybridised and backcrosses with New Zealand material to produce
"Grasslands Pitau". Some Mediterranean populations also have heat and drought tolerance as has
been demonstrated in Australia. White clover's adaptation to high altitudes has been reflected in
populations which are relatively uniformly prostrate, small leaved, frost hardy and winter
dormant. A conspicuous morphological pattern or plant habit is a direct reflection of the
adaptation to low temperature. On the other hand Mediterranean populations tend to be large
leaved, tall (long petioles) and thick stemmed. However small leaved types exist under certain
conditions notably when hard grazing predominates and at high altitudes. White clover
populations adapted to adverse conditions of several kinds, e.g., hard grazing, low fertility and
cold winters, are generally small leaved and thin stemmed, probably because these characteristics
are associated directly with short internodes. Short internodes, in turn, generally are related to
multiple branching and many nodes per unit area of land. Since each node is a potential meristem
for stem or inflorescence growth as well as root growth, the more nodes there are the better a
plant is able to survive death of part of the plant from any cause (Williams, 1987a).
White clover is the principal legume on the fertile soils of intensive or semi-intensive
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grazed areas, but its drought tolerance is low (Langer, 1990). It prefers soils with high
waterholding capacity and annual rainfall above 750 mm but it is still a useful legume above 500
mm annual rainfall where it stops growing and becomes dormant when hot and dry weather sets
in. White clove usually revives when conditions again become favourable especially if overgrazing
during and after the dry period is not too severe. It readily re-establishes from the hard seed
reserves built up in the soil. It requires intensive rotational grazing to express its full potential
and this may be a limitation in the hill and high country (Scott, 1979).
b) Edaphic factors
In setting out to define the edaphic factors limiting the distribution of white clover,
Snaydon (1962a) surveyed soils in the Welsh hills in areas where the species seemed to be near
the limits of its edaphic tolerance. Results showed that white clover has a wide edaphic tolerance,
growing on soils ranging from highly calcareous to markedly acid (pH 4.8), and this is due at
least in part to specifically adapted physiological types (Snaydon, 1962b). The levels of calcium,
phosphorus and pH influenced the micro-distribution of white clover in soils marginal for the
species. Since levels of these three soils factors tended to be correlated, it was not clear which of
them if any was the most important variable. Growth of ecotypes from high phosphate soils
declined more at low phosphate levels than did growth of these from soils low in phosphate.
Populations more tolerant of low phosphate levels contained higher concentrations of P in shoots
and took up more P per unit weight of root than did less tolerant populations. It appeared
therefore that the populations more tolerant of low phosphate were more efficient in extracting
phosphate from the soil rather than being better able to metabolise at a lower internal P
concentration (Snaydon, 1962a). With populations taken from contrasting soils each population
performed relatively better on its native soil type. The difference between populations on relative
performance on the two soil types was more marked if two contrasting populations were allowed
to compete by being grown together in mixed plantings. A clear difference was demonstrated
between types of white clover and performance and survival under upland sward conditions
(Snaydon & Bradshaw, 1962). Addition of fertiliser improved the performance of the lowland
populations in the hill sward indicating that adaptation to fertility factors was involved (Bradshaw,
1969).
c) Cultural factors: Grazing pressure
It is well established that white clover populations adapted to intense grazing pressure by
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sheep tend to be prostrate, small leaved and dense, while those adapted to cattle grazing or hay
management systems are more upright, larger leaved and often more open in habit (Williams,
1987a). Larger leaved plants may be under greater selection pressure from grazing pressure than
smaller leaved plants. Cahn & Harper (1976b) showed that rumen samples from sheep which had
grazed pasture contained an excess of larger and a deficiency of smaller leaves. This effect is
probably a function of leaf stature (petiole length). Because smaller leaved plants tend to have
highly branched stolons with many leaves and roots, they may also be more tolerant of continuous
defoliation than larger leaved forms (Willliams, 1987a).
v) Pathenogenic Diseases
The impact of white clover diseases in grazed pastures is seldom dramatic enough to alarm
farmers or pasture agronomists. However, white clover is a host for numerous pathogenic micro-
organisms and many facets of its growth and its role in livestock production and soil fertility can
be affected by disease. The limitations to the growth of white clover in grazed pasture probably
result from a complex interaction of the effects of one or more diseases with other constraints
such as moisture stress, grazing pressure and competition (Latch & Skipp, 1987).
The foliage of many white clover plants releases hydrogen cyanide when damaged. This
cyanogenesis is regarded generally as protection against predatory herbivores, especially insect
pests, slugs and snails. Variation in cyanogenesis and the role of selective forces in maintaining
variation in white clover populations have been studied widely (Corkill, 1952; Williams 1987a).
vi) Genetic Diversity - The Key to Adaptation
White clover has exhibited a great deal of adaptive genetic diversity in many grassland
regions of the world. The early white clover breeders exploited this and the ecological principles
which they used to establish their selections continue to be an essential ingredient of white clover
breeding today (Williams, 1987c). Natural populations of white clover consist of individuals which
are heterozygous at many genetic loci and outcrossing, which is almost exclusive, ensures that
genetic variability is spread throughout each population. Such a genetic structure enables
populations to be adaptable to diverse situations, an important requirement for a species such as
white clover which is grown in extremely variable environments, even within a single field
(Snaydon, 1962a; Turkington & Harper, 1979; Burdon, 1980). The white clover breeder is
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required to achieve improved population performance by accumulation of favourable genes while,
at the same time, retaining a high degree of heterozygosity in cultivars (Williams, 1987c).
vii) Ecotypes and Cultivars
There are many natural and a number of bred strains of white clover (Whyte et ai., 1953)
which vary in size, growth habit and productivity (Langer, 1990). These strains can be divided
into three main groups. The small-leaved, or wild white, is the most prostrate, persistent
perennial and most adapted to grazing but is rather low in yield and has short stems. At the other
end of the spectrum is the largest and most upright type, derived from the Mediterranean area,
and usually referred to as Ladino. Although very productive this type is not tolerant of close
grazing because they lack a dense network of stolons and adventitious roots. The merits of these
two types have been utilised by plant breeders but most work has focused on the intermediate
group ( the medium-leaved or common white clover) in order to achieve a good blend of
productivity and persistence under grazing. All three types have the same seed size (Whyte et ai.,
1953). Selection for increased stolon development while maintaining leaf size is seen as the key
to improving yields of white clover selections compared with existing cultivars (Caradus et ai. ,
1990).
Caradus (1986) presented a definitive checklist summarizing information about the origin,
breeding, and characteristics of 232 white clover varieties worldwide, including all relevant
references. Agronomic potential, disease susceptibility, and the maintainer of the cultivar are
listed where known.
White clover was introduced into New Zealand in the mid 19th century by the early
settlers.. By the 1920's a great deal of variation among populations had developed (Williams,
1987a). White clover in New Zealand has provided a wide field for selection, for there are
extreme differences between strains and individual plants in such characters as productivity and
longevity. Climate strongly influenced not only the farming practices adopted in the various
climatic regions but also over the years, profoundly affected the exotic species of grasses and
clovers, causing the development of distinct ecotypes (Corkill, 1949). This ecotypic
differentiation was reflected in the existence of 6 clear-cut categories which rapidly became
apparent when New Zealand collections were analysed. After recognition of the strains, attempts
were made to improve them by plant breeding. Initially breeding consisted of mass selection from
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the best ecotypes (Williams, 1987a). All the grassland species in which improvement by breeding
was being sought were cross-fertilised and the genetic variability was so great as to provide
ground for appreciable improvement by selection. Improvement in such features as yield,
seasonal spread of production and persistency were frequently accomplished by selection for these
characters after accumulating a wide range of plant material. Hybridisation was used as a means
of providing greater genetic variability for selection and to combine desirable characteristics from
different strains and even species (Corkill, 1949). Later selections by pedigree methods
culminated in the cultivar "Huia white clover" (Williams, 1987a).
Huia white clover belongs to the intermediate group and is described by Corkill (1949) as
a large-leaved, densely growing variety, much higher in yield and longer lived than uncertified
varieties which it has now replaced (Whyte et al., 1953; Langer, 1990). Huia white clover shows
broad adaptation and has been successful in many parts of the world (Williams, 1987a) and is
recognised as the most widely traded cultivar today.
Up until recently Huia white clover has been the traditional variety of white clover used
for tussock grassland development but in fact was bred for fertile lowland environments. Recently
breeding and selection have focused on the identification of plants for specific regions,
environments and farming systems (Corkill et al., 1981). "Grasslands Tahora" established as well
as Huia white clover from surface sowings in summer - moist hill country (Chapman & Fletcher,
1985). Under hard grazing on wet and fertile North Island hill country Tahora has shown greater
production, stolon densities and persistence than Huia white clover and "Grasslands Pitau"
(Williams et al., 1982) and when set stocked at high stocking rates on fertile lowlands (Brock,
1988). An apparent shift in plant type has occurred within clover populations studied by
Macfarlane & Sheath (1984) in summer dry, North Island hill country, the most noticeable being
the development of a more flexible reseeding pattern that enhances the re-establishment of
populations following droughts. Satisfactory persistence and production requires inbuilt flexibility
within the populations to cope with the variable onset and intensity of moisture stress. Chapman
et al. (1986) considered shoot and root morphology, stolon density and high seed production to be
important survival related attributes of white clover populations in dry hill country. White clover
resident in hill country generally does not resemble Huia white clover (Macfarlane & Sheath,
1984) but is similar to the recently released Tahora (Macfarlane et al., 1990). Under sheep
grazing, on moist North Island hill country, the resident type of white clover was generally more
productive than Huia white clover but in rotationally grazed cattle pastures Huia white clover was
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more productive (Lambert et al., 1986b). Five white clover, as well as five subterranean clover
cultivars, were evaluated under on farm conditions at 21 North Island sites over 5 years. Overall
white clover content was not altered by the introduction of any cultivar into existing pastures but
was determined by factors other than genetic potential which reflected a natural balance,such as
other species present,current management practices and climate. Korte & Quilter (1990)
concluded that summer rainfall was clearly the main factor limiting the legume content of hill
swards in the Gisborne/East Coast region however summer grazing management, adequate
fertiliser and better adapted cultivars all contributed. We have also concluded this on Longslip.
In the South Island Ritchie (1978) recorded differences in establishment and production
with 24 lines of white clover at medium to high altitudes in the North Canterbury high country.
Keoghan et al. (1989) studied the performance of 33 white clover cultivars and lines of diverse
type and origin on acid and infertile soils in an altitudinal sequence of increasing severity of
climate on the East Otago plateau. A hybrid line C5413 which has been included in the pre-
release southern white clover cultivar G26, performed well, indicating that it has a wide
adaptability for both fertile lowland and low fertility hill and high country situations on the
southern South Island. The Southland selection, C5844, which is derived from Southland
ecotypes, had the best combination of attributes for the East Otago plateau.
The description and classification of a white clover germplasm collection containing 128
populations from southwest Europe was grown as space plants and compared with a range of bred
cultivars for shoot morphology, spring and summer growth, flowering, leaf marks, cyanogenesis,
persistence, and susceptibility to stem nematode (Caradus et al., 1990a). The populations were
collected from latitudes similar to those of New Zealand and grouped by latitude and altitude of
origin. Cyanogenesis (percentage and score), V leaf mark (percentage), leaf size, early-flowering
(percentage), flower abundance, and spring growth decline within increasing latitude and altitude.
The positive association between leaf size and plant height was well established.
Large collections of white clovef'have been made from both wet (Suckling & Forde,
1978) and dry hill country. Differences in ecotypically adaptive characters between white clover
populations from wet and dry hill country and also between north facing and south facing aspects
were studied by Caradus et al. (1990b) to check for population differentiation. Differences were
observed for several morphological and leaf mark characters, and for cyanogenesis and dry weight
yield. There were no differences between collected populations for flowering time or intensity.
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Populations from drought-prone sites had greater leaf sizes and taproot diameters, and were more
upright, higher yielding, and more cyanogenic than populations from moist sites. They concluded
that taproots made be an important adaptive feature of white clover genotypes more tolerant of
drought. There was considerable contrast between populations from northern and southern aspects
from dry but not wet farms for leaf size, plant height, and cyanogenesis illustrating the importance
of microhabitats as a source of genetic variation. Within dry farms, populations from north facing
aspects had a higher percentage of full V leaf mark but a lower percentage of V point leaf mark
than populations from south facing aspects. Within wet farms, populations from south facing
aspects were more susceptible to stem nematode than populations from north facing aspects.
viii) Feeding Value
The high nutritive value of Huia white clover in terms of sheep liveweight gain has been
demonstrated by Ulyatt (1981). Huia white clover consistently produced the highest feeding value
(192) with liveweight gains approaching double those achieved on perennial ryegrass (100) while
Maku lotus had a comparative feeding value of 162. Similar results were reported by John &
Lancashire (1981) and Ulyatt et al. (1987).
4.3.2 MAKU LOTUS (Lotus pedunculatus)
i) Distribution and Importance of the Genus Lotus
Species of the genus Lotus are legumes of European and Mediterranean origin. They
generally tolerate a wide range of growing conditions, particularly where soil fertility is low, and
some have good drought tolerance. Their agricultural potential is therefore in areas where
growing conditions are less than ideal, such as where levels of available phosphate and potassium
in the soil are low and where the water table is high or drainage is a problem. Lotus spp. are not
suitable in grazing situations where soil fertility levels are high; legumes such as red and white
clovers and lucerne are more productive and persistent in these circumstances. Two annual
species of Lotus, L.suaveolens and L.angustissimus were widely used in the early days of New
Zealand agriculture for sowing after bush burns. They were able to survive when the initial
fertility of the bush burn declined causing white and red clover to markedly decrease. However,
as soil fertility built up, under more intensive farming systems and with the increasing use of
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fertilisers the lotuses were unable to compete with the more productive clovers. The two annual
species of lotus are widespread in low fertility dry areas mainly in northern North Island where
grazing pressure is low. Lotus pedunculatus is by far the most widespread species within New
Zealand, now naturalised in wet swampy areas where soil fertility is low and grazing pressure
light or absent. Use is now restricted to oversowing on hill country where soils are excessively
moist, acid or infertile for good clover production (Charlton, 1983).
ii) Characteristics of Maku lotus
Maku lotus is an induced tetraploid perennial with a long taproot which develops a crop of
upright stems during the growing season. With a deep yellow, often tinged with purple, flower it
spreads in the autumn from stolons and rhizomes which root at the nodes which give it its
straggling habit allowing it to grow up and around other plants and obstacles (Armstrong, 1974;
Sheath, 1980a & b; Langer, 1990).
iii) The Breeding of Maku lotus
Attempts to improve establishment and increase annual herbage production, especially in
cool seasons, led to the breeding of "Grasslands Maku lotus" as high temperatures (22°C) are
necessary for rapid growth (summer and early autumn) in the older Lotus cultivars. The breeding
as well as the botanic and agronomic characteristics of Maku lotus are described by Armstrong
(1974) and Charlton (1983). The breeding of Maku lotus was based on 9 elite plants made from
selections throughout the country. Treatment with colchicine resulted in the development of an
induced tetraploid. Recurrent selection of this line and material from Portugal that grew well in
winter and further backcrossing resulted in Maku lotus which was more productive and had
increased seedling size and vigour. It was released in 1975.
iv) The Specialist Role of Maku lotus
Maku lotus has considerable potential as a pioneer legume for acid, low fertility tussock
grasslands (Nordmeyer & Davis, 1977; Lowther, 1980; Scott & Mills, 1981) and for North Island
hill country (Charlton & Brock, 1980). Trials by several authors indicate that soil acidity is a
major factor in determining the relative performance of Maku lotus and white clover. On acid
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low fertility tussock grassland soils (pH 4.6-4.8) Lowther (1980) recorded yields from Maku lotus
up to four times those of white clover, by the second season. On eroded high country soils,
above 1000 m, Nordmeyer & Davis (1977) recorded Maku lotus yields of 3 to 10 times those of
white clover after the third season, although white clover establishment was superior initially.
Maku lotus grew better and fixed more nitrogen than white clover and its uptake of aluminium
was lower. Of the common pasture legumes Maku lotus was exceptional to its tolerance to
aluminium. On the other hand Lotus corniculatus cv. Maitland was quite different, being
relatively sensitive to aluminium (Edmeades et al., 1990). With adequate supplies of fertiliser,
Maku lotus and white clover fixed up to 140 kg N/ha/annum, most of which was incorporated in
a surface turf. The proportion of Maku lotus in the sward was reduced by a greater production of
grass associated with increasing rates of super phosphate. Maku lotus performance under dry
conditions is suspect. A hybrid between tetraploid Lotus pedunculatus and Lotus corniculatus
(Grasslands 4712) has the deep rooting habit of L.comiculatus and is possibly better adapted to
dry sites than Maku lotus (Nordmeyer & Davis, 1977). Chapman et al. (1990a & b) reviewed
some of the factors limiting the success in terms of establishment and management of Lotus
corniculatus in hill and high country and Widdup et al. (1987) have studied overseas cultivars.
Both reported that it may have potential for use on dry soils where soil acidity limits the
persistence of lucerne and is too dry for Maku lotus and white clover. The major problems in
establishment of Lotus corniculatus were nodulation failures owing to ineffective inoculation
techniques, low seedling vigour and slow initiation of symbiotic nitrogen fixation. Competition
from resident species in an appropriate grazing management can lead to poor persistence and stand
performance (Chapman et al., 1990a & b).
v) Pastoral Advantages of Maku lotus
Maku lotus has the desirable attributes of grass grub resistance (Sutherland,1976; Lucas et
al.,1981) and bloat control (Jones et al.,1970; John & Lancashire, 1981).
vi) Limitations of Maku lotus
Under intensive management Maku lotus is unsatisfactory in growth, yield, palatability
(Ritchie,1978) and rate of recovery from defoliation compared to white clover (Lambert et al.,
1986). While Maku lotus has valuable properties for intensive farming, the agronomic characters
of the present varieties fall far short of those required for its success in this situation (Ulyatt et
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al., 1977; Brock & Charlton, 1978; Charlton & Brock, 1980). Sheath (1981) concluded that
unless improved regrowth characteristics are identified and developed it would seem unlikely that
Maku lotus will become an important legume component of grazed, mixed pastures where its
competitive ability is not favoured by edaphic conditions or agronomic management.
In conclusion, Maku lotus is a legume best suited to cool, moist, high aluminium acid
soils which engender low competition from other species especially sown or resident white clover,
and low grazing pressures in terms of both incidence and duration to suit its peculiar and
unforgiving characteristics and requirements.
4.3.3 RED CLOVER (Trifolium pratense)
Red clover is a red-flowered, upright, taprooted perennial clover, which although short-
lived, establishes and produces well under a wide range of conditions from sub-tropical to
temperate and subantarctic regions. As in white clover there are three basic types from which
plant breeders have selected and crossed (Langer, 1990). "Grasslands Pawera" is widely used and
does best under moist, fertile conditions and is used for grazing or hay or as an oversowing
species at low stock densities (Scott, 1979) but has failed to persist where pasture utilisation has
been controlled (Allan & Chapman, 1987). It is traditionally sown in pasture mixes in the sub-
humid climatic zone of Otago in order to maintain production in the summer, when increasing
water stress and temperature limit the growth of white clover-based pastures (Greenwood &
Sheath, 1982). The main disadvantages of red clover are that it is bloat forming and oestrogenic
(Scott, 1979).
Grasslands Colenso red clover is a semi-prostrate early flowering, medium estrogen
variety compared to pawera red clover which are upright, late flowering and high in estrogen.
Colenso red clover is more persistent than Hamua red clover but not as persistent as Pawera red
clover (3 - 5 years under hay type management).
Hay taken from any variety of red clover is non-estrogenic. For grazing, low estrogen
content can be inferred by the degree of light or white coloured flowers present (p. Clifford, pers.
comm.).
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Alsike clover characteristics are somewhat intermediate between those of white and red
clovers. Alsike clover is one of the principal legumes used for oversowing high country lands,
and in developed pastures both for grazing and hay. It requires moderate to high fertility. A
taprooted, short-term clover with white or pale pink flowers, it is hollow stemmed and a prolific
seeder in initial years (Scott, 1979; Scott & Sutherland, 1984). The characteristics and
establishment of a1sike and production compared to white are reviewed by Clifford (1973) and
Musgrave (1976). Compared with white clover, alsike clover establishes better and yields are
higher when soil fertility and stocking rates are moderate (Keoghan, 1986) but its production and
persistence are inferior to that of white clover under good utilisation where it responds to
environment and management in a similar way to red clover (Allan & Chapman, 1987; White &
Meijer, 1979). Alsike is a more successful competitor against Hieracium species than white
clover and this has led to the development of a more persistent selection (Scott pers. comm.).
4.3.5 YELLOW SUCKLING CLOVER (Trifolium dubium)
Suckling clover, as it is more commonly referred to, is widely distributed as an intruder
into temperate pastures and is a common contaminant of white clover seed crops. It is a vigorous
coloniser and persists through continuous self-seeding. It is a yellow flowered prostrate annual
bearing small grey-green leaves (Langer, 1990). In the past its contribution to pasture
productivity in the high country has been under-rated. In a paper to mark the contribution of
E.B. Levy to the development of improved pasture plant cultivars in New Zealand, Burgess
(1987) drew attention to the fact that Levy accepted that where it was not possible to cultivate,
drain or apply fertiliser suckling clover was one of the low producing species that had a valuable
contribution to make. However in the environmental suitability of pasture species for the South
Island hill and high country it is ranked alongside haresfoot trefoil (Trifolium arvense) at the
bottom of the list and would not be sown (Scott et al., 1985).
In moist North Island hill country suckling clover can make a significant contribution to
total herbage production, particularly on the drier north-west slopes (Lambert et al., 1986a).
Suckling clover is adapted to low fertility north-west slopes because it is tolerant of low fertility
conditions and being an annual gains a competitive advantage because the drought stress in
summer provides favourable regeneration niches for establishment of seedlings after autumn rains
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(Lambert et ai., 1986b). Growth of this species occurs predominantly in mid-spring with some
growth in late winter and early summer but no growth in late summer or autumn (Suckling, 1960;
Levy, 1970). Although suckling clover produced 70% of its annual herbage accumulation in the
spring, its contribution to annual herbage accumulation was small (1 - 2 %). This contribution was
predominantly from steep north-west slopes (where it produced 70% as much as white clover) and
at a time of the year when quality feed for lactating ewes is valuable - hence the species common
name Lambert et ai., 1986b). Morphological and flowering variation of suckling clover was
studied with both New Zealand and overseas lines by Caradus & Mackay (1989) with potentially
useful breeding material evident in the imported lines. Suckling clover is considered to be better
adapted to soils of low phosphate status than white clover (Brock, 1973).
4.3.6 THE ROLE OF INTRODUCED GRASSES
A review of the over 150 different grass species of 50 different genera sown in trials in
the tussock grasslands of the South Island was undertaken by Douglas (1974). He reflected that
even after considerable trial work and the introduction of numerous grasses, the dominant
introduced species throughout the tussock grasslands region are the self-spreading naturalised
grasses, browntop, Yorkshire fog, sweet vernal and Poa pratensis, and the 2 main agricultural
species of New Zealand, perennial ryegrass and cocksfoot. The exceptional tolerance to
aluminium of the so called "weed" grasses such as chewings fescue, Yorkshire fog and
particularly browntop, may explain their ability to colonise low fertility acid soils (Edmeades et
ai., 1990).
The provision of low cost winter feed which is adequate in terms of quantity and quality is
one of the main limitations to pastoralism in the high country. Even for intensively developed
grassland, there is a 4 - 6 month period without pasture growth. According to Scott & Maunsell
(1986) legumes are intolerant to frost. Grasses, they claim, are more frost tolerant and provided
they can be managed to give adequate yield, would form a better basis for winter feed paddocks
than'the traditional method of providing winter feed from native pasture growing on the lower
sunny aspects. In a trial they demonstrated differences between winter feed quality characteristics
of grasses under dryland conditions with nitrogen-fertilised, pure grass swards. They concluded
however for winter feed based on permanent grass species, the main requirement is to get
adequate pre-winter yields before exploiting the smaller differences between species in digestibility
and other properties influenced by frosting duration.
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In practice however it is difficult to get grasses to establish and persist without cultivation
and this is not feasible on steep sunny slopes which are better suited for wintering sheep
comparative to flat land due to their warmth and lower snow risk.
The quantity and quality changes of pasture on a steep hill all-grass wintering system on a
high country station in Central Otago was studied by Abrahamson & Talbot (1986). Pasture was
divided into clovers, grasses and other fractions. All fractions appeared to be equally affected by
winter conditions and there were no differences in susceptibility to frosting for any group of
species for autumn saved pasture. The lack of any general variation from the high level of
digestibility of green material on a wide range of species suggests that green material of almost
any species is suitable for autumn saved pasture.
The amount of green herbage accumulated pre-winter, as well as any spring-flush
residues, will be the main determinant of winter feed availability, which is mainly a function of
favourable moisture and temperature regimes, given adequate fertiliser. Obviously the seasonality
of herbage production and its feeding value in winter are also important, however just as
important is the efficiency of grazing (Allan, 1985), class of grazing animal and their genetic
merit, to annual animal productivity and thus profitability (Lambert et ai., 1983; Allan, 1985;
Allan & Chapman, 1987).
4.3.7 COCKSFOOT (Dactylis giomerata)
Cocksfoot is the most suitable of the productive pasture grasses for the hill and high
country because of its tolerance of a wide range of temperature,moisture and soil fertility
conditions (Scott, 1979). The plant root distribution and water use patterns of some pasture
species were studied by Evans (1978). Under moisture stress cocksfoot produced twice as much
herbage as ryegrass and white clover. It appeared to make more efficient use of the water
available in the top 140 em. As a component of a permanent pasture along with perennial
ryegrass, cocksfoot has the valuable attribute of maintaining its production during the autumn
period when the available moisture is too low for the growth of perennial ryegrass. But where
conditions favour perennial ryegrass it will suppress cocksfoot, which is slower to establish and
under severe grazing less vigorous in growth (Corkill, 1949).
Allan & Chapman (1987) attribute a ten times increase in stock carrying capacity (at Tara
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Hills) to cocksfoot, mainly due to its ability to provide grazing through the winter months. The
presence of cocksfoot was greater under uncontrolled than controlled utilisation. A strong
interaction between aspect and altitude was evident in cocksfoot frequency, with greater presence
on sunny faces at high altitudes, and on shady faces at low altitudes.
The cultivar "Grasslands Wana" is superior to "Grasslands Apanui" which it has largely
replaced for oversowing because of its more prostrate habit and greater persistence especially
under severe grazing, also it tolerates low soil fertility and moisture better (Rumball, 1982).
Edmeades et al. (1990) examined the three Grasslands cultivars for tolerance to aluminium. A
range was exhibited with Wana being more tolerant than Apanui, and Kara being intermediate. In
swards, Wana gives a dense and even cover whereas Apanui swards develop into discrete and
clumpy plants. Wana's foliage is much more resistant to stem rust and stripe rust.
The palatability and acceptance of Wana for merinos compared to Apanui must be
questioned.
4.3.8 PERENNIAL RYEGRASS (Lolium perenne)
Perennial ryegrass is the main grass in lowland high fertility intensive sheep farming but
requires high fertility and is susceptible to frequent frosting, so has an altitudinal limit (Scott,
1979; Allan, 1985). Low endophyte cultivars are susceptible to Argentine stem weevil attack and
hence fail to survive drought whilst high endophyte cultivars are drought tolerant and stem weevil
resistant but cause ryegrass staggers and other animal disorders (Fletcher, 1990).Eighty-five
percent of ryegrass plants removed from North Island hill country not oversown in the last 20
years contained endophyte highlighting its importance in maintaining persistence over all land
classes sampled (Wedderburn et al., 1989). Ryegrass yielded 50% more annual dry matter than
low fertility tolerant grasses in the lower Otago plateau. In order to achieve this however,
improved pasture management, coupled with adequate fertiliser were essential to increase clover
soil nitrogen, and thus ryegrass content (Barratt & Brash, 1985).
In summer moist North Island hill country under sheep grazing introduction of low
endophyte "Grasslands Nui" (4 - 20% of Nui tillers) improved the annual herbage accumulation
by 34% on a sunny site and 10% on a shady site compared with the resident ryegrass.
Introduction of endophyte-free "Grasslands Ruanui" resulted in 17% greater herbage accumulation
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on a sunny site and 12% on a shady site. Nui appeared to be more compatible with white clover
than Ruanui and was as productive, or more productive, than Ruanui in all seasons on sunny and
shady aspects and at three nitrogen application rates. Most of Nui's advantage was a consequence
of its greater growth potential and its tolerance of low soil moisture availability which may have
been a consequence of its small endophyte infection (Chapman et al., 1987).
In the South Island high country at Tara Hills Allan & Chapman (1987) reported that there
was more ryegrass on sunny than shady aspects. Frequency was also greater on low rather than
high altitudes and for controlled than uncontrolled utilisation.
4.4 MEmOD
The main trial (Trial 1) was set up as a three-way comparison to measure the
establishment of white and Maim lotus sown separately and to assess their production compared to
resident white and suckling clovers. A basal fertiliser treatment of 600 kglha of reverted
molybdic super phosphate (0:7:0:8) was used over all the three treatments on all 7 sites. A
control treatment with no applied seed or fertiliser was used to record the base productivity at
each site.
Trial 2 was an oversowing mixture of Huia white clover, Pawera red clover, Maim lotus,
Canadian alsike, Apanui cocksfoot and Ruanui ryegrass. Basal fertiliser was 300 kg/ha reverted
molybdic superphosphate (0 7 0 8). See Chapter 3 for more detail on experimental methods.
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4.5 RESULTS - A COMPARISON OF LEGUME SEEDLING
ESTABLISHMENT AND SEEDLING DRY MATTER PRODUCTION
4.5.1 SEEDLING ESTABLISHMENT
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Seedling establishment counts/m2 were recorded in mid-February 1978 for Trial 1
(Appendix Table 4.1) and are illustrated in Fig. 4.1 for Huia white clover and Fig. 4.2 for Maku
lotus.
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Fig. 4.2 .Range and Mean of Seedling-Numbers Fstablished/mz for Maku lotus, mid-
February 1978.
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Seedling establishment counts1m2 were recorded in mid-February 1978 for the oversowing
mix (Trial 2) and are shown in Fig. 4.3 (see Appendix Table 4.2 for tabulated data).
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No Ruanui ryegrass or Apanui cocksfoot seedlings were observed over the entire area of
the 10m2 plots on any site. The Huia white clover and Maku lotus treatments were resown in the
spring of 1978. Maku lotus seeds initially germinated well but due to a complete nodulation
failure, even in adjoining plots to one-year old plants, it was not worthwhile to undertake seedling
counts.
4.5.2 SEEDLING DRY MATTER CUTS
The mean seedling dry matter cuts from ten seedlings per site on 21/12/77 are shown in
Fig 4.4 and recorded in Appendix Table 4.3 for Huia white clover and Maku lotus in Trial 1 and
Pawera only from Trial 2. Fig 4.5 and Appendix Table 4.4 compares the percentage of all sites
with site 5 being the base of 100. In February 1978 seedling dry matter cuts from ten seedlings
per site were taken from sites 1 to 7 and results are shown in Fig. 4.6 and Appendix Table 4.5.
Fig. 4.7 and Appendix Table 4.6 compares the percentage of all sites with site 5 being the base
of 100. Fig. 4.8 and Appendix Table 4.7 show the seedling dry matter cuts for Pawera and alsike
clovers from the oversowing mix for mid-February 1978 for sites 1 to 7. Fig 4.9 and Appendix
Table 4.8 show the seedling dry matter cuts percent comparison (Site 5 = 100) for mid-February
1978 sites 1 to 7 for the oversowing mix.
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Fig. 4.4 Seedling Dry Matter Cuts (mg) for Oversowing Mix, 7 Sites, 21/12/77.
Plant Establishment Page 84
180
160
140
120
.-..
0
0
,....; 100II
II')
Q)
+'"
..... 80CI)
~
~
60
40
20
0
1 2 3 4 5 6 7
Site
IE§§~§~ Huia _Maku ~ Pawera I
Fig. 4.5 Percentage Comparison of Seedling Dry Matter Cuts between Sites (Site 5 =
100).
Plant Establishment Page 85
7654
Site
321
O-F==
200
250
50-'u---
i 150.JA-------
'-'
~
~
C 1ooJ,l------·f,
Ci
Ie Huia • Maku
Fig. 4.6 Seedling Dry Matter Cuts, mid-Feb 1978, Huia and Maku Treatments.
350
300
,-... 250~
'-'
c:l
0
·c 200
'"0..S
8
... 1502
~
C 100Q
50
0
2 3 4 5 6 7
Site
I~j:j:j:3 Huia • Maku
Fig. 4.7 Percent Comparison of Seedling Dry Matter, mid-Dec 1978 (Site 5 = 100).
Plant Establishment Page 86
4
,Site
2
lM.J.+---
't;i;g 4OO.J..!------'
I
~ 3M.J.+------
o
7'nn.-....-------------------------------...,
soo,.J..!------'
IE3 Pawera lB!I A1si~e
Fig. 4.8 Seedling Dry Matter Cuts, mid-Feb, Oversowing Mix.
soo....-r--------------------------------,
7M.J.+-------'
~
.g sM.J.+------------------------JAM-U-------------------------
~
~ 3
g ?Il/I-l-l------------;
2 3 4
Site
6 7
153 Pawera~A1si~e
Fig. 4.9 Percent Comparison of Seedling Dry Matter mid-Dec 1978 (Site 5 = 100).
Plant &tablishment Page 87
Trial 2 was repeated the following spring. Fig. 4.10 and Appendix Table 4.9 show the
dry matters for ten seedlings of Huia white clover, Pawera and Alsike cut late December 1978.
Fig. 4.11 and Appendix Table 4.10 rank them in a percentage comparison with site 5. Fig. 4.12
and Appendix Table 4.11 show the percentage nitrogen of the ten seedlings bulked together. Fig.
4.13 and Appendix Table 4.12 compare percentage nitrogen compositions.
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Fig. 4.12 Percent Nitrogen Composition for Seedlings, Oversowing Mix, late Dec 1978,
Sites 1-6.
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Fig 4.14 and Appendix Table 4.13 show the comparison of seedling dry matter cuts
between December 1977 and December 1978 to gauge the differential affect of season compared
with site on seedling dry matter accumulation.
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4.6 DISCUSSION
4.6.1 PLANT SEEDLING ESTABLISHMENT
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From the observations made in November 1977 it was found that on Site 1 Maku lotus
seedlings had a definite liking for the more humid micro-sites, particularly depressions on bare
ground where competition was less. On Site 2 the larger Maku lotus seedlings were in sheltered
places. White clover seedling distribution was at random through the plots with the smaller plants
on the bare patches. On Site 3 there was much more bare ground than the previous two sites and
Maku lotus was mainly in bare patches. All the seedlings were generally growing in bare or
moderately sparse swards. This site had a more favourable moisture regime reflected in greater
seedling survival and bigger seedlings. On Site 4 there appeared to be no set pattern for seedling
distribution, both Huia white clover and Maku lotus seedlings being distributed in the vegetation
cover and on bare ground, although some favouring of Chionochloa litter was observed. On Site
5 where the thickest resident vegetation grew, especially white and suckling clovers, the white
clover seedlings were smaller than those growing in the vegetation. Maku lotus seedlings were
only detected on bare ground. On Site 6 there was complete but not thick ground cover with
abundant, established, small white clover plants. There appeared to be no micro-site favouring by
any of the sown species and all were small compared to Site 5. On both Sites 6 and 7 there were
abundant ants, and seedlings (mainly dicotyledons) were observed to be growing beside and out of
ants' nests. On Site 7 the resident vegetation was moderately sparse amongst the snow tussocks.
All seedlings were small and some appeared unthrifty. Most were found on bare ground,
especially on ground disturbed by frost-lift.
More seedling observations were made in mid-December 1977. Sites 1 and 2 were drying
out by this stage and the surviving seedlings were growing more in the resident vegetation rather
than bare ground, but some seedlings were surviving on the rougher (versus the smoother) bare
ground indicative of a humidity effect. On Site 3 the surviving Huia white clover and Maku lotus
seedlings favoured the presence of light litter and sweet vernal plants, but there were more on
bare ground than in the dense vegetation. On Site 4 the legume seedlings favoured slight litter or
bare ground. On Site 5 both Huia white clover and Maku lotus seedlings favoured bare ground
especially with litter over the top. On Site 6 white clover seedlings were at random and did not
appear to favour any micro-sites, whereas Maku lotus seedlings favoured bare ground and less
dense vegetation. On Site 7 white clover and Maku lotus seedlings occurred mainly on bare
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ground and often in depressions left by frost-lift, or covered by litter. No effect of tussock micro-
climate was observed on seedling number or vigour. All the legume seedlings however, favoured
Raoulia subsericea patches due to their moisture capturing effect. Pawera seedlings were growing
in a random distribution but were absent from dense vegetation on all sites.
Seedling establishment counts were taken in mid-February 1978 and the following general
observations were made. Many seedlings failed to establish themselves sufficiently before the
onset of the summer-dry period so as to be able to draw on soil moisture from depth in order to
survive. On Site 1 the white clover seedling leaves were still green whereas Maku lotus seedlings
had dried off. Both white and suckling clover seedlings were colonising scabweeds on the
fertiliser plots. On Site 2 the surviving Maku lotus seedlings appeared not to be favouring any
particular micro-site. About 50% of the seedlings had produced runners of a few centimetres long
but were not yet rooting at the nodes. Many of the white clover seedlings had their uppermost
leaves or leaftips browned-off whereas the red clover seedlings were still green and yet to show
moisture stress. On Site 3 all white clover and Maku lotus seedling leaves were green and
showed little sign of moisture stress. Maku lotus seedlings were beginning to throw out a few
runners but not as many as white clover. White clover seedlings favoured sites in close proximity
to resident white clover and were also larger near snow tussocks. Maku lotus seedlings favoured
bare ground. On Site 5 white clover seedling numbers were directly dependent on the subsequent
three factors in the following order of importance : bare ground, amount of resident white clover
present,competition offered by resident vegetation. Maku lotus seedlings mainly only appeared on
bare ground. On Site 6 white clover had up to four stolons whereas Maku lotus had only up to
three runners. The surviving Maku lotus seedlings were still favouring patches of bare ground.
More seedling observations were made in late April. On Site 1 some Huia white clover
seedlings were regrowing after autumn rains but very few red clover and no Maku lotus seedlings.
However there was a mat of suckling clover seedlings on the fertiliser plots and the resident white
clover plants were making good regrowth where present. On Site 2 the Huia white clover plots
were well filled out with seedlings (5-10% of ground area occupied), many with 4-6 stolons
(rooting at nodes) 5-15 cm long. Many seedlings had one or two dead stolons caused by the
autumn drought. Maku lotus seedlings were absent. On Site 3 Huia white clover seedlings
covered 10-20% of the ground cover in the plots with stolons rooting at the nodes and up to 20
cm long. The remaining Maku lotus seedlings varied greatly in size and number of runners
present. On Site 4 there were abundant suckling clover seedlings, especially surrounding old
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seedheads. The surviving Maku lotus plants were extremely variable in size. Red clover
seedlings were much larger in close proximity to tussocks. Only one Maku lotus plant was
surviving in the oversowing mixture trial and one red clover plant had autumn germinated. On
Site 5 Huia white clover seedlings made between 10-30% of the ground cover, with 2-5 (up to 20
cm long) rooting at the nodes. In the fertiliser plots there was a marked response in resident
white clover compared to the guard rows where there was little growth of small yellow-leaved
plants. Site 5 clover seedlings had much better autumn regrowth than all other sites. Maku lotus
was absent. On Site 6 Huia white clover plants made from 5-10% of the ground cover as did the
red clover in the oversowing mixture. The surviving Maku lotus seedlings had good runners up
to 5 cm long. On Site 7 most Huia white clover seedlings were small compared to the other sites
with 1-2 stolons up to 20 cm long, however one large Huia white clover seedling had 7 stolons.
Only some of the bigger Maku lotus seedlings had runners with the longest being 5 cm.
Fig. 4.1 and Appendix Table 4.1 shows the mean number and the replicate range of the
Huia white clover seedlings that had established in mid-February 1978. Site 3 was the best site
followed by Sites 4, 3, 2, 6, 7 and 1 respectively. The greatest replicate range was on Site 5
followed by 7, 3, 4, 6, 2 and 1 respectively.
Fig. 4.2 and Appendix Table 4.1 shows the mean number and the replicate range of the
Maku lotus seedlings that had established in mid-February 1978. Site 3 was best followed by 6,
4, 7, and 5 equalled 2 respectively, with none establishing on Site 1. The greatest range was on
Site 4 followed by 6, 3, 7, 2 and 5. The extreme ranges for both Huia white clover and Maku
lotus seedling establishment possibly reflect the importance of micro-sites especially on the less
favourable sites for seedling growth and development on Sites 4 and 7.
Fig. 4.3 and Appendix Table 4.2 shows the mean number and the replicate range of the
Pawera red clover seedlings in the oversowing treatment that had established in mid-February
1978. Site 5 was best followed by 6, 3, 7 equalled 2, 4 and 1. The greatest range was on Site 5
followed by 7, 3, 6, 2 and 1 equalled 4.
Fig. 4.3 and Appendix 4.2 shows the mean number and the replicate range of the Huia
white clover seedlings in the oversowing treatment that had established in mid-February 1978.
Site 2 was best followed by 3, 5 equalled 6, 4, 1 equalled 7. The greatest range was on Site 5
followed by 2, 3, 6, 4, 7 and 1. Comparing Fig. 4.1 where Huia white clover was sown alone
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with Fig. 4.4 where it was sown in a mix, greater than 23 seedlings established compared to just
under 9, although an average of 41 red (28), white (9) and alsike (4) established across all sites.
Fig. 4.3 and Appendix 4.2 shows the mean number and the replicate range of the alsike
seedlings in the oversowing treatment that had established in mid-February 1978. Site 5 was best
followed by 6 equalled 4, and 7 with none recorded on Sites 1 and 2. The greatest range was on
Site 5 followed by 4, 3, 6 and 7.
Despite many claims that Maku lotus is better suited than white clover in marginal and or
erosion prone areas, in a ranking of the six best commercially available legumes for erosion
control, white clover ranked ahead of Maku lotus overall. In terms of seedling vigour, rate of
development, drought tolerance and seed availability it outperformed Maku lotus. It ranked
equally in terms of rooting depth and persistence. Maku lotus only outranked white clover in low
fertility situations and for tolerance to acidity (Lambrechtsen, 1986).
The establishment of white clover from oversowing is often low. Several studies have
reported less than 10% of sown seed establishing (Suckling, 1976; Musgrave, 1977a; Charlton,
1977), though levels of 30 - 50% have been achieved (Chapman et at., 1985).
Musgrave (1977a) at Tara Hills found no significant difference between white clover and
Maku lotus seedling vigour or establishment at 1070 m altitude on a sunny site however a large
difference in the establishment on an adjoining shady site favouring white clover although the
vigour score significantly favoured lotus. Alsike clover vigour and establishment were similar to
white clover and red clover on the sunny site but alsike plant establishment was significantly
superior to red on the shady site. However all species were sown singly and all sites were
cultivated to a rubbly seed bed in the early spring to ensure establishment.
Vegetative spread of established plants was adversely affected by defoliation in the
summer/autumn period and spread by seed production was limited. In contrast to white clover the
yield of Maku lotus was markedly influenced by seeding rate,indicating that though lotus can
spread vegetatively by stolons and shallow rhizomes this spread is relatively slow declining
markedly with increasing severity of climate (Musgrave 1977 a & b). It is important to obtain
good establishment (Keoghan et at., 1989) even in the absence of grazing pressure from
Plant Establishment Page 94
ruminants. Maku lotus's persistence depends on management and under continuous sheep grazing
it disappears even if it successfully establishes (Lambrechtsen, 1986). At present most high
country pastures are set-stocked and generally farmers lack enthusiasm for and appreciation of
specialised grazing management.
In this study thirteen years after sowing Maku lotus has barely filled out the plots that it
was sown in let alone encroached on the guard rows, in Sites 3, 4, 6 and 7. It is absent from all
the other sites. There has been no evidence of Maku lotus establishment from seed produced
from the sown plants.
Whereas white clover is much more adaptable than Maku lotus (Musgrave, 1977b) the
necessary rhizobia often being present in the soil (Bonish & Macfarlane, 1987) and the spread by
vegetation and seed is vigorous under a wide range of conditions. Huia white clover has the
advantage in its ability to spread into uncolonised areas and this soil stabilising influence is
important in many situations in the high country (Musgrave, 1977b).
Keoghan et ai. (1989) studied 55 Lotus peduncuiatus cultivars and lines. Line G4701
showed the best overall combination of productivity, spread and frost tolerance. G4701, its
tetraploid equivalent G4702 and a selection from within Maku lotus for rapid germination at low
temperatures were the highest ranked cultivars for yield over the three sites. Sheath et ai. (1977)
evaluated three lotus cultivars and white clover over a 2 year period under dryland (ph 6.8) and
irri~ated (pH 6.5) conditions in a lowland North Otago site. All three lotus cultivars (including
Maku lotus) produced poorly at both sites compared with Huia white clover.
4.6.2 SEEDLING DRY MATTER ACCUMULATION
The amount of above-ground dry matter accumulated from germination to harvest date is a
good indicator of how favourable each site has been for legume establishment and initial
production. Fig. 4.4 and Appendix Table 4.3 shows the individual seedling dry matter cuts for
Huia white clover, Maku lotus and Pawera red clover for the spring/early summer of 1977. For
Huia white clover, Site 2 seedlings established best to time of cutting, being 80 % better than Site
5. On the high north-facing site, Site 4, seedlings had only accumulated 25% of the dry matter as
compared to Site 5. The two south-facing sites sown later than the north-facing sites contrast at
46% (of Site 5) for Site 6 which is a toe slope similar to Site 5. Site 7 with 18% of Site 5 is well
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behind the three north-facing mid-slopes (Site 1 40%, Site 2 180%, Site 3 76%). Fig 4.10 and
Appendix Table 4.9 show the seedling dry matter cuts for Pawera red clover, Huia white clover
and a1sike clovers for a repeat of Trial 2 the following year. Fig 4.14 and Appendix Table 4.13
show seedling growth comparisons between seasons and years.
Lambert et ai. (1986b) found that Maku lotus did not contribute greatly to herbage
accumulation either seasonally or in a particular spatial niche and concluded that the inclusion of
Maku lotus seed in oversowing mixtures for steep, low fertility North Island hill country (pH
greater or equal to 5.2) which is regularly topdressed with phosphatic fertiliser, is unlikely to be
advantageous.
Maku lotus is relatively low yielding, susceptible to defoliation and to competition from
white and red clover, and is unlikely to contribute much to animal feed if sown as a small part of
the legume component in a pasture mix (Ulyatt et ai., 1976; Lowther, 1977a), which is the same
conclusion as in this study and limits Maku lotus to single sowing situations. If diverse legume
mixtures are desired to increase biodiversity, persistence, overall production and vigour, Maku
lotus clearly does not meet the requirements.
4.7 SUMMARY AND CONCLUSIONS
In the spring on Longslip white clover established readily from surface sown inoculated
and coated seed with applications of superphosphate, either alone or in combination with red and
alsike clovers. On the other hand Maku lotus seedlings suffered severe competition from the
resident legumes and only established from surface sown inoculated and coated seed, with the
application of superphosphate, where soil, vegetation and environmental conditions suited it.
Even then survival and production was low and it virtually failed to establish in the oversowing
and topdressing mix trial (white, red and alsike clovers). The legume selection and establishment
part of this study provided the basis for the preferred option for an oversowing mix with the most
potential for success across the range of climate/soil/plant units found on Longslip.
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The total and herbage components of the pasture production characteristics of a high
country catchment were measured as they relate to the climate/soil/plant/landscape units,
particularly with respect to their variance with aspect and altitude. Pasture production for the
spring-early summer period was up to 9,300 kg/ha dry matter for the white clover/fertiliser
treatment on the most productive site (sixteen months after initial fertilising and seeding) with the
control (no seed or fertiliser) producing only 1,280 kglha dry matter. The other sites produced
3,000-5,000 kglha dry matter for the white clover/fertiliser treatment which was approximately
seven times that of the control. The Maku/fertiliser treatment produced up to 30% more dry
matter than the fertiliser only treatment on most sites (1, 2, 4, 5 and 6), despite the fact that it
either failed to establish or was of low production. The agronomic attributes of white clover and
Maku lotus are discussed in the oversowing and topdressing situation. The total and herbage
components for an oversowing and topdressing mixture (white, red and alsike clovers, Maku
lotus, cocksfoot and ryegrass) for the spring/early summer period produced up to nearly 8,000 kg
dry matterlha on the most productive site (sixteen months after initial fertilising and seeding) with
the control (no seed or fertiliser) producing only 1,280 kg dry matter/ha.
5.2 INTRODUCTION
The key to pasture improvement in hill and high country is the introduction of high
producing legumes following the correction of soil nutrient deficiencies (Ludecke et aI, 1969;
White, 1973; White, 1990) : this forms the basis of increased animal productivity (Lambert et al,
1986b). Nutrient limitations to pasture growth apply on practically all farmed soils in New
Zealand (Gibbs, 1963) and pastoral improvement has been largely dependent on the spreading of
millions of tonnes of fertiliser (Saunders, 1980). This increase in legume growth following
superphosphate application will increase nitrogen fixation and over several years markedly
Pasture Production Page 106
improve seasonal and annual pasture productivity (Grant et aI, 1981). The principles behind
improvement and utilisation of high country pastures by achieving the rapid cycling of nitrogen
are discussed by O'Connor (1966). Herbage production and species composition changes with
oversowing and topdressing coupled with increased subdivision and stocking is well documented
(Suckling, 1975). In North Island hill country improved productivity of pastures during
development is probably attributable to improved availability of soil nitrogen and phosphorus and
to changing species composition (Grant et al, 1981). In inland areas of the South Island the soils
are acutely sulphur deficient with phosphorus responses varying between soil groups but generally
increasing with increasing rainfall (Ludecke & Leamy, 1972; McLeod, 1974; Douglas and
Kinder, 1975; Douglas and Risk, 1981; McIntosh & Sinclair, 1983; McIntosh et aI, 1985). The
primary cause of this sulphur deficiency is low atmospheric return of sulphur compounds and low
levels of S in the parent rock and the fact that sulphate is readily leached. Grasses will utilise
virtually all the mineral nitrogen and sulphur made available from the microbial decomposition of
organic matter. Associated clovers are thus dependent on atmospheric or fertiliser sources of
sulphur if they are to fix nitrogen symbiotically (Walker & Adams, 1958). The selection of the
most fertiliser-responsive soils in the low fertility hill country is discussed by Mauger (1977) and
Scott (1979).
The potential productivity of grazed pasture land depends upon climate (temperature and
soil moisture), the fertility of the soil and species of plants comprising the pasture. Fertiliser
practice can alter soil fertility and facilitate changes in pasture species (Scott, 1979; Bircham &
Korte, 1984). Nett herbage accumulation is the amount of live and dead herbage that accumulates
between two points in time Le., it is the resultant of processes of new growth and disappearance.
Hill pastures are highly variable in species composition and production. The
physiographic factors of aspect and slope are major determinants of this variation through their
influence on microclimate, stock grazing behaviour and soil fertility. As the slope increases, the
fertility and moisture status decrease. Nutrient transfer by grazing animals from steep to easy
slopes and to camps results in a fertility decrease as slope increases (Gillingham, 1973). Slope
also influences pasture composition by influencing the effectiveness of summer/autumn rainfall in
rewetting the soil surface. This in turn determines mineralisation rates and nutrient availability
within the soil veneer (Sheath & Boon, 1985c). Pasture growth can be considered to be
determined by physiographic factors (climate, topography, degree of lateral obstruction of the
sun), soil factors (nutrients, moisture) and pasture factors (species, density). All may operate
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directly on pasture growth or indirectly through modifying the influence of one or more other
factors (Ledgard et al., 1982).
The effects of grazing pressure (incidence and duration) on North Island hill country
pastures at Whatawhata in terms of pasture structure and nett accumulation rates, pasture species
composition and the interrelationships with soil and pasture variation was studied by Sheath &
Boon (1985a, b and c).
On high country yellow-brown earths the modified native pastures comprising silver
tussock, hard tussock, sweet vernal, browntop, suckling clover and haresfoot trefoil the annual
dry matter production can be as low as 400 kg/ha (McIntosh & Sinclair, 1983). With oversowing
and adequate fertiliser the soils will produce an annual average of 6000 kg dry matter per hectare
with up to 17,000 kg dry matter/hectare in wet years (McLeod, 1974). Douglas & Kinder (1975)
in five trials over the 850 m to 1300 m altitude range in the semi-arid zone of North Otago (Tara
Hills) showed that clovers were limited by soil moisture deficits at lower altitudes and by low
temperature at higher altitudes. This indicated a well defined belt of land in the mid-altitude
range (900 - 1200 m) which could be improved more easily than land above or below it. Ludecke
& Leamy (1972) estimated that in the unimproved state the Central Otago yellow-grey earths and
upland yellow-brown earths are carrying 1 ewe to 1.6 hectares and can be improved within three
years to carry 5 - 6 ewes per hectare. They commented at the time that nowhere else in New
Zealand can a tenfold increase in carrying capacity be achieved with such a low fertiliser input.
Allan (1985a) studied grazing management of oversown tussock grassland at Tara Hills
over six years on a southerly aspect with an altitude of 760-930 m at 530 mm annual rainfall. He
measured species composition, pasture productivity and animal production over six years for three
stocking rates (1.9, 3.0 and 4.1 stock units/ha/annum) at three levels of subdivision, continuous
stocking, alternating (2 paddocks) and rotational grazing (6 paddocks) for the growing season
only, with merino wether hoggets. The main objectives of his study were to identify the grazing
management principles required to sustain maximum animal productivity per unit area of
oversown tussock country and to quantify their influence. The overall utilisation, or grazing
efficiency of oversown tussock country can only be improved by increasing stock numbers.
However, to realise this improved utilisation as increased animal production, there is an obvious
need to implement grazing control through subdivision fencing. After 6 years, percentage cover
of standing vegetation, assessed by point analysis, was similar for all treatments (79 %). White
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clover increased in cover in wet years and decreased in dry years, but was not affected by grazing
management. Cocksfoot decreased at higher stocking rates, especially under continuous stocking.
Ryegrass increased at the high stocking rate, but an overall 60% decline in ryegrass cover was
attributed to abnormally cold winter temperatures in 1982. Allan (1985a) concluded that in order
to realise the full potential from oversown high country, there is an obvious need to identify and
evaluate pasture species, particularly cultivars of white clover and ryegrass that are more
environmentally suited than those presently available.
The principles behind improved grazing management in the high country of the South
Island are discussed by Allan (1985b) who reported that the classical stocking rate/management
interaction occurs for oversown tussock country. In year six he achieved a 26% increase in
maximum liveweight gain per hectare through a single subdivision fence, compared to set stocking
at conventional rates. There was no advantage to intensive rotational grazing however.
5.3 MEmOD
The experimental method is presented in Chapter 3.2 and 3.3.
5.4 RESULTS
5.4.1 DECEMBER 1977 HARVEST
In December 1977, dry matter harvests were taken for fertiliser only and control
treatments over the seven sites with five replicates (Fig 5.1 and Appendix 5.1). The range in total
dry matter (kglha) for the fertiliser and control treatments is presented in Fig 5.2 and Appendix
5.2. From each cut the percentage compositions were recorded for white and suckling clovers,
grass and other (native and weed species) (Fig 5.3 and Appendix 5.3) and the composition in kg
per hectare is shown in Fig 5.4 and Appendix 5.4. These figures represent the accumulated dry
matter from the commencement of spring growth to the 29 December, 1977. Only green herbage
is recorded in the measurements.
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Fig. 5.3 Relative compositions for Fertiliser and Control Treatments, 7 Sites, Dec
1977.
Pasture Production Page 111
Composition (kg/ha) Dec 1977
Fertiliser Treatment
1800
1600 ....1------------------
1400
~ 1200
~~ 1000
.gJ800
600
400
200
o-IL===
--_._------
1 2 3 4
Site
5 6 7
IIiEii White D Suckling~ Grass III9 Other
Composition (kg/ha) Dec 1977
Control Treatment
1800
1600 ...1-----.--.-----....""...- ......---------
1400
764
Site
321
0*---
200
~ 1200
~~ 1000
d
.gl 800
8 6oo~lI=;;;;]
400H
I~ White CJJ Suckling~ Grass 1m! Other
Fig. 5.4 Composition for Fertiliser and Control Treatments, 7 Sites, Dec 1977.
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The total dry matter production (expressed as a percentage of Site 5 which is 100)
responses to fertiliser compared to control are shown in Fig 5.5 and Appendix 5.5. The other
sites are compared to Site 5 as it as generally the most productive site and the first to be observed
in the study sequence.
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Fig. 5.5 -Composition (kg/ha), Fertiliser and Control Treatments, 7 Sites, Dec 1977.
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Fig 5.6 and Appendix 5.6 show the relative total yields in fertiliser and control plots as a
percentage of Site 5 (Site 5 = 100) for the control treatment and the fertiliser treatment.
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Fig. 5.7 and 5.8 show the relative yields for the fertiliser treatment for the December
1977 harvest as compared to Site 5.
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Fig. 5.7 Relative Yields for the Fertiliser Treatment compared to Site 5.
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5.4.2 FEBRUARY 1978 HARVEST
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In early February 1978 dry. matter harvests were recorded for the fertiliser only treatment
over the seven sites. The mean and range are shown in Fig. 5.9 (Appendix 5.7) and the
compositions are shown in Fig. 5.10 (Appendix 5.8). This harvest represents the dry matter
accumulated from commencement of growth in Spring 1977 to early February 1978 and was
undertaken to record the effect of fertiliser on the resident vegetation through Spring/Summer, the
fertiliser being applied in August/September 1977.
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Fig. 5.11 and Appendix 5.9 show the relative yields for the fertiliser treatment as a
percentage of Site 5 (Site 5 = 100) for the total and herbage components.
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Dry matter cuts were taken for Sites 1, 2 and 5 following the autumn rain-break in April,
1978. The cuts were taken to measure total accumulated dry matter (live and dead) from the
fertiliser treatments and the live regrowth from both the December and February cuts. Sites 3, 4,
6 and 7 being colder in the autumn had not accumulated sufficient autumn growth to make a
harvest possible.
The uncut fertilised plots accumulated more new regrowth than those cut previously and
more than the control treatments for Site 1 (Tables 5.1 and 5.2). The resident white clover
component in the fertilised uncut treatment was markedly greater than in the December and
February regrowth for Site 1 from the fertilised plots (Table 5.3) and the control treatment (Table
5.4). For Site 2 there was no significant difference between cutting treatments as the resident
white clover was only present at low levels and was unable to respond to the applied fertiliser
(Tables 5.5, 5.6, 5.7 and 5.8). The requirement to leave behind residual dry matter in late
summer dry periods to ensure good autumn regrowth for all-grass wintering of stock was
observed.
Table 5.1 Accumulated dry matter yields kg/ha (green only) for treatments previously
uncut December 1977 and regrowth for December cut and February only cut
1978 for the fertiliser only treatment Site 1 for May 1978 harvest.
Treatment White Suckling Grass Other Dead Treatment
Mean
lFert uncut 385 0 344 94 814 1636
IDee regrowth 28 1 145 31 205 410
lFeb regrowth 9 0 181 11 128 329
Table 5.2 Accumulated Dry Matter Yields kg/ha (live and dead) for Treatment Control
Regrowth for December Cut only, Site 1 May 1978 May 1978 Harvest.
~reatment White Suckling Grass Other Dead
IDee regrowth 0 0 90 4 138
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Table 5.3 Percentage composition for dry matter yields (live and dead) for treatments
previously uncut December 1977 and regrowth for December cut and
February only cut 1978 for the fertiliser only treatment Site 1 May 1978
harvest.
rrreatment White Suckling Grass Other Dead
lFert uncut 24 0 21 6 50
IDee regrowth 6 0 39 6 49
lFeb regrowth 2 0 48 4 45
Table 5.4 Percentage composition for dry matter yields (live and dead) for treatment
control regrowth for December cut only, Site 1 May 1978 harvest.
rrreatment White Suckling Grass Other Dead
IDee regrowth 0 0 40 3 57
There was no significant regrowth in the February regrowth cut of the uncut for the control.
Table 5.5 Accumulated dry matter yields kg/ha (green only) for treatments previously
uncut, regrowth for December 1977 cut and February only cut 1978 for the
fertiliser only treatment Site 2, May 1978 harvest.
rrreatment White Suckling Grass Other Dead Treatment
Mean
lFert uncut 0 0 242 0 677 919
IDee regrowth 0 0 56 4 63 123
lFeb regrowth 5 0 88 6 86 185
Table 5.6 Percentage composition for dry matter yields (live and dead) for treatments
previously uncut December 1977 and regrowth for December cut and
February only cut 1978 for the fertiliser only treatment Site 2 May 1978
harvest.
rrreatment White Suckling Grass Other Dead
lFert uncut 0 0 25 0 75
IDee regrowth 0 0 50 4 47
iFeb regrowth 2 0 50 3 45
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Table 5.7 Percentage composition for dry matter yields (live and dead) for control
treatment previously uncut, Site 2 May 1978 harvest.
Treatment White Suckling Grass Other Dead
Control uncut 0 0 76 5 19
There was no significant regrowth for the December or February regrowth cuts for the control.
Table 5.8 Accumulated dry matter yields kg/ha (live and dead) for control treatment
previously uncut, Site 2 May 1978 harvest.
Treatment White Suckling Grass Other Dead Treatment
Mean
Control uncut 0 0 53 4 14 72
The resident white clover component for Site 5 was markedly greater for the uncut and
December regrowth compared to the February regrowth (Tables 5.9 and 5.10).
Table 5.9 Mean percent composition (live or green component of harvest only) for
treatments previously uncut, regrowth for December 1977 cut and February
only cut 1978 for the fertiliser only treatment Site 5, May 1978 harvest.
rrreatment White Suckling Grass Other
luncut 25 4 62 8
Dec regrowth 23 1 58 19
Feb Regrowth 8 4 69 19
Table 5.10 Accumulated dry matter yields kg/ha (green only) for treatments previously
uncut, regrowth for December 1977 cut and February only cut 1978 for the
fertiliser only treatment Site 5, May 1978 harvest.
Treatment White Suckling Grass Other Dead Treatment Mean
Uncut 243 71 729 75 1 353 1 118
Dec regrowth 124 11 374 124 0 715
Feb regrowth 33 40 374 114 0 681
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The dead herbage component was much greater for the control uncut treatment as
compared to the December regrowth (Tables 5.11 and 5.12).
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Table 5.11 Mean percent composition (dead and green) for control treatments previously
uncut, December 1977 and February 1978 regrowth Site 5, May 1978 harvest.
Treatment White Suckling Grass Other Dead
Control uncut 0 0 23 4 73
Dec regrowth 1 0 39 9 51
Table 5.12 Total accumulated dry matter yields kg/ha (dead and green) for control
treatments previously uncut, December 1977 and February 1978 regrowth Site
5, May 1978 harvest.
Treatment White Suckling Grass Other Dead Treatment
Mean
Control uncut 1 0 248 42 719 1010
lDec regrowth 6 0 174 45 226 450
Table 5.13 compares the mean and component herbage yields for the fertiliser treatment
from the December 1977 harvest and December 1978 harvest (December 1977/December 1978)
expressed as a percentage.
The exposed sunny sites 2 and 3 were adversely affected by the dry summer of 1977
compared to a more favourable one in 1978 and suckling clover was absent from the south-facing
slope of site 6.
Table 5.14 compares the mean and component herbage yields for the control treatment
from the December 1977 harvest and December 1978 harvest (December 1977/December 1978)
expressed as a percentage.
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Table 5.13 Comparison of mean and component herbage yields for the fertiliser
treatment for Dec 1977 and Dec 1978 harvest (Dec 1977/Dec 1978 %).
Site White Suckling Grass Other Mean
1 23 7 87 34 30
2 - - 324 391 119
3 69 - 174 32 116
4 29 11 38 61 29
~ 14 26 56 40 25
~ 19 - 171 272 41
Table 5.14 Comparison of mean and component herbage yields for the control treatment
for Dec 1977 and Dec 1978 harvest (Dec 1977/Dec 1978 %).
Site White Suckling Grass Other Mean
1 - 4 59 13 43
2 - - 135 118 106
3 - - 92 17 72
4 64 - 146 62 116
5 942 - 76 39 70
6 17 - 117 60 101
5.4.4 December 1978 Harvest
In 1978 the total accumulated dry matter was measured for the period from the
commencement of spring growth until late December, for the white and Maku lotus seed
treatments, the "no seed" and with basal fertiliser on all three treatments; and the control (no
seed, no fertiliser). Sites 1 to 6 were cut. The growth on Site 7 was under 800 kg dry matter per
hectare even for the best treatments so was not cut. This cut reflects the normal flush in legume
growth following the establishment year of the seed treatments and the prolific growth of the
resident clovers in the fertiliser only treatment. Each site is a separate graph, Fig 5.12 showing
percent compositions and Fig. 5.13 showing dry matter in kg/ha for the four treatments and shows
mean and component dry matters (Appendices 5. 11a-f and 5. 12a-f respectively for the tabulated
data and replicate range).
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For the December 1978 harvest the mean dry matter accumulated (kg/ha) and four
components (white, suckling, grass and other) as well as the range and site mean for the four
fertiliser and seed treatments across the six sites are shown in Fig. 5.14 for the percent
compositions (tabulated data Appendix 5. lla-f). The accumulated dry matter in kg/ha for the
above are shown in Fig 5.15 (Appendix 5. 12a-f).
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The percent compositions for December 1978 are recorded in Appendix 5.11a-f for the
four treatments for each site separately.
The basic oversowing mixture (Trial 2) pasture production range and mean measurements
for December 1978 are shown in Fig 5.16 (Appendix 5.13).
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Fig. 5.16 -Mean Total Dry Matters and Range, Sites 1-6, Oversowing Mix, Dec 1978.
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The percent herbage compositions and yield (kglha) for the harvest components of the
basic oversowing mixture (white, suckling, red, alsike clovers, grass and other) (Trial 2) are
shown in Fig 5.17 (Appendix 5.14).
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The dry matter yields (kg/ha) for the individual dry matter components for the basic
oversowing mixture (December 1978) are shown in Fig 5.18 (Appendix 5.15).
Appendix 5.16 shows the December 1978 harvest comparison summary - the individual
site production percentage response compared to the site control.
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Fig 5.19 (Appendix 5.17) shows the production responses of each site compared to Site 5
(Site 5 = 100) for the December 1978 harvest.
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Fig. 5.19 - Production Responses for Five Treatments Compared to Site 5, Dec 1978
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Fig 5.20 (Appendices 5.18a-d) shows "the mean production composition responses of each
site compared to Site5 (Site 5 = 100), December 1978 harvest for white clover, suckling clover,
grass and other.
100
90
80
Vl
~ 70
B 60~
t1l
0.. 50~(,,)
~ 40
8- 30'"~
20
10
0
1 2
E:t:t:i~ White seed
~ O/SMix
"3
Site
• Makuseed
~Control
4 5
~ Fertiliser
~ Treatment Mean
6
Fig. 5.20 "Percent Response for Six Treatments compared to Site 5, Dec 1978 Harvest.
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Fig. 5.21 shows the mean herbage production components for Sites 1 to 6 compared to
Site 5 equals 100.
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Fig 5.22 shows the mean production response for red and alsike clovers (Site 5= 100) for
December 1978 harvest (Appendix 5.19).
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Fig. 5.23 shows the herbage components for December 1977 divided by December 1978
for the fertiliser treatment and Fig. 5.24 shows the control treatment.
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Within the constraints and limitations imposed by any particular environment and/or socio-
economic conditions, increasing the quantity and quality of herbage available to grazing animals
must be the primary means available for increasing animal productivity from pastures.
On Longslip naturalised adventive pasture species viz. white and suckling clovers and
sweet vernal, browntop and Yorkshire fog grasses are more competitive and adaptable establishers
and subsequent producers than other pasture species which have been in New Zealand since early
European settlement days but have not developed the natural range because they lack the necessary
genetic bases to produce ecotypic differentiation suitable to colonise varied environments, viz.
lotus and red clover, cocksfoot and ryegrass. In future attempts at breeding for improved pasture
persistence and productivity in the high country should be directed at the former group rather than
the latter. There could be potential advantages in introducing improved cultivars of the former
species for whichever attributes are desired from outside sources as they should be able to cross
with the local ecotypes which are well adapted to local conditions resulting in more productive and
persistent local ecotypes. This approach is based on increasing the genetic base and allowing
natural selection to be the driving force to select for favourable ecotypes and has a parallel in
sheep breeding where "improver" rams from outside sources are employed to cross over existing
flocks rather than changing the breed or strain of sheep in order to gain the desired attributes.
Rather than starting afresh with new species that require the time of several generation intervals to
create favourably adapted genotypes better results may be obtained by building on and improving
what is already present otherwise there is a need for a large genetic base to allow for the selection
of favourable ecotypes. If attempting to breed an improved Maku lotus suitable for the high
country for instance one would select successful ecotypes from previous introductions and possibly
cross with outside selections to improve the population rather than just sowing outside material
directly. If on Longslip there had been a population of Maku lotus as successful as the top 1% of
plants that established it would have compared more favourably with white clover. When starting
again selection should be from adventitious plants that have become naturally widespread and
exhibit "general" as well as "local" fitness genes.
White clover populations are successful from the sub-tropics to the subantarctic because
they are broadly adaptable through ecotypic differentiation to a wide and diverse range of
environments because white clover not only has a suitable set of "general" fitness characters, but
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also has a set of "local" fitness characters (Williams, 1987a). On Longslip the important and
desirable characteristics of white clover can be attributed to its wide edaphic and environmental
tolerance, combined with its adaptation to a wide range of grazing management options. These,
coupled with high dry matter productivity (which is a reflection of its vigorous colonising ability,
both in terms of resident plants and introduced certified seed) and its vegetative spread plus its
unsurpassed feeding value, especially in terms of its ability to sustain green herbage in winter
(particularly on sunny faces) and still be the first plant in the pasture to provide new growth for
stock feed in the spring as well as the last in late autumn make it stand apart from all other
legumes especially Maku lotus.
The narrow and specialist naturalised range of Lotus pedunculatus, coupled with the
narrow genetic base resulting from breeding for uniform type in developing modern cultivars,
means that the genetic diversity required to be a competitive and adaptable plant is limited because
it is lacking a suitable set of "general" fitness characters but also a set of "local" fitness
characters. This deliberately reduced genetic variability in the breeding of Maku lotus has
probably prevented the natural selection of highly productive and persistent local ecotypes. This
is probably why it has not become more widely naturalised as white clover has even under
conditions that appear edaphically, agronomically and culturally favourable for its spread,
productivity and persistence.
The productivity of pasture species on high rainfall North Island hill country were ranked
in order of annual productivity in pure stands with adequate fertiliser to determine their relative
seasonal and total productions in a hill country environment. Each species was compared with
perennial ryegrass (= 100) 1as the base. Cocksfoot 83; Yorkshire fog 59; Danthonia spp.43;
sweet vernal 37; browntop 32; Montgomery red clover 99; Lotus corniculatus 54; Lotus
uliginosus 44; Lotus hispidus 44; white clover 40; suckling clover 22 (Suckling, 1960).
Lotus is suitable to be sown on hill country in New Zealand, particularly where soils are
too moist, too acid, or too infertile for high production from white clover and where grazing
pressure and competition are low i.e., it is tolerant of average to dense pasture shade
(Levy, 1970). Due to poor seedling vigour and regrowth following defoliation lotus has often been
unable to survive. Suckling (1975) reported that the contribution of lotus to oversown pastures on
high rainfall hill country was minor over a 20 year period, averaging only 16% of that of white
clover.
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Allan & Chapman (1987) studied the frequency of oversown grasses and clovers in
tussock country at Tara Hills thirty years after oversowing. They found that trends in the
frequency of sweet vernal were similar to those of cocksfoot whose presence was greater under
uncontrolled than controlled utilisation with greater presence on sunny faces at high altitudes and
on shady faces at low altitudes. Browntop was almost entirely associated with the
high/shady/controlled utilisation.
5.5.1 COMPARISON OF WIllTE CLOVER AND MAKU LOTUS
Greenwood & Sheath (1982) studied the suitability of legumes within sub-humid areas of
Otago (540-650 mm annual rainfall) and found that Maku lotus, L. corniculatus and a hybrid lotus
(Grasslands 4712) gave low yields in all experiments. Regrowth of all three lotus cultivars was
slow following defoliation and none could compete effectively with the often vigorous cocksfoot
companion grass and volunteer white clover. Musgrave (1977a) in a comparison of commonly
oversown legumes in the high country at 1070 m altitude found that Maku lotus produced poorly
compared to white, red and alsike, especially on the shady (pH 5.4) versus the sunny face (pH
5.5).
The higher yields obtained from Maku lotus were due to its ability to tolerate high levels
of available soil aluminium and to more efficient use of available phosphate for nitrogen fixation
and growth. The phosphate requirements of white clover for maximum growth in soils high in
exchangeable aluminium are markedly greater for white clover than for Maku lotus (Lowther,
\
1977a; Nordmeyer & Davis, 1977; Scott & Lowther, 1980; Davis, 1981 a,b,c; Scott & Lowther,
1982).
Acid, infertile subsoils that have been exposed after erosion of top soil are found
throughout the South Island high country, particularly on soils developed from greywacke parent
material (Davis, 1981a). Davis (1981 a,b,c) studied the growth and nutrition of temperate and
tropical legumes on a subsoil from the Bealey set with a pH of 5.0. White clover was lower
yielding than Maku lotus at both low and high rates of added P, but as P rates increased soil
aluminium concentrations decreased and yield differences between Maku lotus and white clover
became less marked (Davis, 1981b). Soil and foliar analyses indicated that differential tolerances
of aluminium toxicity was the principal factor and that at least part of the P response may have
been due to alleviation of aluminium toxicity as P can precipitate with and therefore detoxify
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aluminium in soil solution. The fact that Maku lotus responded to lime but at a lower level than
white clover indicates that it is not completely tolerant of aluminium toxicity, and uses the
absorbed P much more efficiently than white clover (Davis, 1981a,b,c). Caradus et al (1987)
reported that there is sufficient intraspecific variation in aluminium tolerance within white clover
to select for a superior aluminium tolerant cultivar. Such a cultivar would prove invaluable
combining aluminium tolerance with all the other advantages of white clover.
On a recent alluvium soil on which exhaustive cropping for several years had created a
soil low in available nutrients particularly P and N, with a pH of 6.1, Brock (1973) recorded high
yields from a pure stand of Maku lotus under low levels of available P, but high yields from a
pure stand of white clover under high levels of available phosphate. On high fertility soils in the
Manawatu, Brock & Charlton (1978) found that Maku lotus could not withstand competition from
white clover and even pure sowings of Maku lotus were markedly reduced by the ingress of
volunteer white clover. There are doubts about Maku lotus's ability to withstand competition in a
mixed legume sowing, which may limit its use to specialised situations (Musgrave, 1977a;
Lowther, 1977a). A similar result was recorded on high fertility soils in the southern South
Island (Scott & Lowther, 1980). Scott & Mills (1981) considered Maku lotus to be a legume with
high potential for the development of acid (pH < 5.2), phosphate deficient soils which represent
approximately half the area of tussock grasslands of New Zealand. The three-fold superiority of
lotus over clovers in terms of dry matter yield under similar levels of superphosphate topdressing
is attributed to Maku lotus's greater P efficiency on acid soils high in exchangeable aluminium.
Lucas et al (1981) reported that Maku lotus outyielded white clover by 40% when the soil pH was
5.25. Cossens (1983) concluded generally that Maku lotus should be looked upon as a pioneer
legume where soil pH is less than 5 at altitudes from 300 - 900 m. Trials by Dunbar & Costello
(1985) showed that Maku lotus could be a valuable herbage resource on warmer northerly aspects
above 1,000 m. The high variability within the Maku lotus population suggested that production
could be improved by selection.
In Trial 1 (comparing no treatment with white clover, Maku lotus and fertiliser only),
even on Sites 6 and 7 where edaphic conditions were the most favourable for Maku lotus, with
pHs of around 5 or lower, white clover still out-competed Maku lotus. In Trial 2 (oversowing
mix with fertiliser) Maku lotus did not establish in the oversowing mixture on any sites. This was
a reflection of the competitiveness of the local or resident ecotypes of white and suckling clovers
and the poor colonising ability of Maku lotus when under competition from white,red and alsike
Pasture Production Page 139
clover seedlings. Maku lotus failed to dominate despite Sites 6 and 7 having the highest water
holding capacities and lower evaporation rates, the moisture regime is still insufficiently wet to
favour Maku lotus directly and indirectly through time make the soil more acid.
Mcintosh et al. (1984) found in the east Otago uplands that low temperatures may limit
Maku lotus production on the higher altitude sites even though more acid (4.6 and lower)
compared to clover (predominantly red clover). Observations during autumn harvesting and
inspection in early spring recorded that Maku lotus plants showed signs of frost damage to leaves,
whereas clover plants were unaffected. Low temperature, short growing season, or frequency and
severity of frost are likely to be factors limiting production especially above 1000 m under high
country conditions (Cossens, 1983; Floate et al., 1985).
Although not bred specifically for the high country environment (Barclay & Lambert,
1970) and quite different from the habitat Levy (1970) considered favourable, Maku lotus is well
suited edaphically to these areas. However, its usefulness is restricted in some high country
environments and management systems due to low seedling establishment and limited spread of
plants (Macintosh et al., 1984; Wedderburn & Lowther, 1985; Keoghan & Burgess, 1987;
Keoghan et al., 1989). Inoculation with the correct strain of rhizobia is essential for nodulation
on most areas of tussock grasslands. The effects of season and defoliation on the growth habit of
Maku lotus was characterised in terms of the pattern and structure of root, rhizome and shoot
growth as discussed by Sheath (1980a & b).
In pasture, because of the slow establishment and nodulation of Maku lotus and the low
mineralisation properties of its organic matter, the beneficial effects on an associated grass may be
considerably delayed compared with those produced by white clover (Brock, 1973; Lambert et aI,
1974). More recent work has also recorded the more rapid rate of grass growth with white clover
compared to Maku lotus possibly indicating a more rapid transfer of nitrogen to associated grasses
(Nordmeyer & Davis, 1977; Floate et al., 1989; Keoghan et al., 1989).
Musgrave (1977a) studied the productivity of singly sown legumes at 1070 m altitude over
five years at Tara Hills. Mean productions in tonneslha on sunny and shady sites respectively
were: Huia white clover 2.3 and 0.7, Pawera red clover 3.8 and 1.4, Maku lotus 2.8 and 0.0,
alsike 2.6 and 1.4. The performance of the cultivars shows that there are situations where they
may be more suitable than Huia white clover. However, there are several factors affecting the
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performance of an oversown mixture such as the intensity and duration of grazing which were not
considered in experiments such as this so these results can only be used as a guard as to the
potential of the cultivars sown. These same principles apply to the trials in this study.
McLeod (1974) studied a variety of fertiliser treatment and frequency of application
responses in South Canterbury tussock country on three high country sites and two foothill sites.
Fertiliser topdressing and legume oversowing favoured very large increases in pasture production
which is capable of increasing the stock carrying capacity by 5-6 times. On the high country sites
the production was nearly 100% legume and peaked at over 17,000 kg/ha/annum which was 18
times that of no fertiliser treatment. Plots oversown but not topdressed yielded only 16% of the
production obtained from plots topdressed annually.
Even on Sites 6 and 7 with a pH of 5 in the A horizon where according to data published
elsewhere the edaphic and environmental conditions should have been favourable for Maku lotus,
white clover was still the more suitable and successful legume. This result is perhaps a reflection
of the competitiveness of the naturalised ecotypes of white and suckling clovers. Despite Sites 6
and 7 having the highest water holding capacity and the lowest evaporation compared to the sunny
sites the inherent soil moisture regime still did not favour Maku lotus. Even 13 years after initial
sowing Maku lotus had barely filled out the plots it was sown in let alone established outside the
sown plots and no establishment from seed (a little seed was set some years but was late in the
growing season and subject to frosting and thus minimal compared to white clover) was observed
even though the trial site fences remained sheep-proof for 11 years after initial sowing. This
compares with white clover spreading throughout the guard rows and outside the fence plots, but
more importantly white clover has the ability to completely fill in the non-oversown/missed strips
between seed runs of aerially broadcasting, within a few years even if the misses predominate,
provided that fertiliser has covered these areas with later applications.
The sources of error involved in the assessment of standing dry matter on hill country by
cutting to ground level were studied by Smeaton & Winn (1981). A quadrant (area 0.125 sq m)
was almost as effect as the quadrant with double the area. Because of the component of variation
caused by the cutter it is not readily possible on hill country to reduce the true coefficient of
variation in estimating standing dry matter in a single estimation to less than about 10%. The
natural pasture variation had a mean coefficient of variation of 34% (range 19-50) and depended
on season. This is twice that for flat land but was not surprising given the greater variation in
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topography, fertility and pasture species composition on hill country. This means that more
samples are required to achieve similar accuracies to those that are normally achieved on flat land
(Smeaton & Winn, 1981). In the present experiment it is the structure of the relationship between
the sites that is important not the numbers per se.
5.5.2 DECEMBER 1977 HARVEST
Fig. 5.1 (Appendix 5.1) shows the mean total dry matters for each of the 7 sites and the
harvest means for the fertiliser and control treatments for the December 1977 harvest. For
undeveloped pasture production there is a difference in range of eleven times from Site 5 (best) to
Site 7 (least). With fertiliser this range widens to nearly sixteen times for these two respective
sites.
The range of dry matter production within sites is shown in Fig. 5.2 (Appendix 5.2)
which shows a differential response in the range with the addition of fertiliser. For the control
treatment Site 1 and Site 5 had a range of around three times, whereas Sites 2, 3 and 4 had a
range under two times whilst Sites 6 and 7 are over two times. For the fertiliser treatment Sites 2
and 3 had a range of 0.5 times, whereas the range was a factor of 3 for Sites 1, 4 and 5. The
range in Site 6 was the most marked being eleven times while Site 7 was seven times. The range
for both treatments is least on Sites 3 and 7, greatest on Site 5 in the control treatment and
greatest on Site 6 for the fertiliser treatment. To reduce the co-efficient of variation, therefore,
more replicates would have been required on the sites showing the greatest range and considerably
less on Sites 3 and 7. The mean productivity increase for the fertiliser treatment versus the
control is a doubling in dry matter production.
Fig 5.3 (Appendix 5.3) shows the percent compositions for the seven sites for the fertiliser
and control treatments for the December 1977 harvest. The control treatment shows white and
suckling clovers to be very low in composition to absent, but where present have responded well
to the fertiliser treatment especially in Sites 5, 4, 6 and 1 respectively for white clover; for
suckling Sites 1, 4, and 5 in ascending order. Sites 2, 3 and 7 had insufficient resident legumes
present to respond to the applied fertiliser in the sampled area. The'other' component of the
harvest represents the herbs and weeds and was greatest in ascending order on Sites 4, 2, and 7.
Fig 5.4 (Appendix 5.4) shows the productivity in kglha for each component which for
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white clover the response was Sites 1, 6, 4, and 5 in ascending order; whereas suckling's
productivity response was 4, 1, and 5 in ascending order. In the undeveloped state grass is the
main herbage component with the other fraction varying between sites. White and suckling
clovers are most prevalent on the toe slopes (Sites 5 and 6) and the ridge crest (Site 4). Although
not recorded on the other sites in the herbage analysed, white and suckling were present on all
sites. Suckling clover was absent from sites 6 and 7, the two south facing sites. On sites two and
three, suckling was at a low presence and not recorded in the sample area.
Fig. 5.5 (Appendix 5.5) shows an average doubling in total pasture production by
December when the cuts were taken, due to fertiliser application in mid-spring so the response to
fertiliser is virtually immediate in extra feed made available to stock even on undeveloped blocks
with no seed application, except on the higher and southerly facing slope Site 7.
In Fig. 5.6 (Appendix 5.6) it is interesting to note that the relative herbage yields in the
fertiliser and control treatments, as a percentage of Site 5 are in the same order, except that the
excellent resident white clover response to fertiliser on Sites 1 and 6 are reflected in this treatment
being a greater proportion relative to Site 5 fertiliser than Sites 1 and 6 control are to Site 5
control.
5.5.3 FEBRUARY 1978 HARVEST
Fig. 5.7 (Appendix 5.7) shows the mean total dry matters for each site and their range
and the overall harvest mean for the 7 sites for the fertiliser treatment for the February 1978
harvest. Through the sunny mid-slope sites (1, 2 and 3) the yield and range are relatively
consistent, the yield drops off however on the high, northerly-facing slope with the most marked
range. The northerly-facing lower slope had the highest production, while the southerly-facing toe
slope produced only half the dry matter of Site 5 with a markedly greater range. the high
southerly-facing slope has the lowest mean and is also the least variable.
Fig 5.8 (Appendix 5.8) shows the percent compositions and Fig. 5.9 the mean components
of the harvest (kg/ha) for the seven sites for the fertiliser treatment for the February 1978 harvest.
Compared to the December 1977 harvest the seasonal demise of suckling clover as an annual is
clearly shown, although a small percentage of plants act more like perennials as is reflected in Site
2. White clover on Sites 1, 4 and 5 has shown a temporary decline, presumably due to the dry
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conditions, whilst it has appeared in the harvest on Site 2. It has increased on Site 6 which is
more limited by ambient temperature rather than moisture. In terms of kglha, white clover
composition has decreased on Site 1 but increased on Sites 4, 5 and 6. The total green dry matter
harvested decreased on Sites 1, 2, 4 and 5 but increased slightly on Sites 3 and 6 with Site 7
recording a four times increase due apparently to temperature being limiting in December,
compared to February, but with moisture being non-limiting.
Fig. 5.10 (Appendix 5.9) shows the relative yields of the fertiliser treatment (kglha) as a
percentage of Site 5 (Site 5 = 100) for the various herbage components analysed and Fig. 5.11
shows the total yield. Site 5 stands out as having the highest total yield and the highest white
clover component.
5.5.4 MAY 1978 HARVEST
Table 5.1 (percent composition) and 5.3 (accumulated dry matter yields in kglha) for the
(vegetative spreading ability) May 1978 harvest Site 1 shows clearly the importance of not
previously cutting the plot for good response by white clover. Suckling clover establishes in the
autumn but produces most of its bulk in late spring.
Table 5.2 shows percent composition and Table 5.4 accumulated dry matter in kglha (live
and dead) for the May 1978 harvest for the treatment control regrowth for the December cut only,
Site 1. It shows the large amount of dead dry matter that has accumulated.
A greater number of suckling clover seedlings were observed in the uncut vegetation of
the fertiliser plots which is indicative of the suckling clover seedling's requirement for a micro-
environment on Site 1 and 2 but its population is limited by annual seed set and establishment.
On Site 2 Huia white clover seedlings were making up 5-50% ground cover depending on the
particular part of the plot, so the expectation is of a white clover dominant sward next spring.
The response to fertiliser was quite evident with the regrowth in the previously cut plots 2-3 cm
long and in the uncut plots 4-6 cm long. On Site 3 the Huia white clover seed treatment and
especially the Maku lotus seed treatment were best compared to other sites in terms of plot
coverage and amount of herbage per unit area. Maku lotus seedlings however were more frost
tender than Huia white clover. On the same site grass regrowth on cut plots (and control plots)
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was very poor but in uncut but fertilised plots was assessed to be up to 100 kglha. The same
applied for Site 6 with a good nucleus plant population of Huia white clover established. On Site
7 autumn regrowth was almost non-existent except in the occasional sweet vernal plant. Pawera
red clover seedlings had more ground cover than Huia white clover seedlings.
Table 5.5 (percent composition) shows the higher dead material in the previously uncut
fertiliser treatment compared to the control uncut (Table 5.7 for the percent composition and
Table 5.6 and Table 5.8 for the accumulated dry matter) and also compared to the December 1977
and February 1978 regrowth respectively for Site 2.
Table 5.6 shows the accumulation of dead herbage on site 2 for the uncut fertiliser
treatment compared to the fertiliser treatments cut in December and February. The accumulation
of new grass is 3 to 4 times greater in the uncut treatment compared to February and December
cutting treatments respectively.
Table 5.7 shows the composition of herbage accumulated on site 2 in kg/ha for the control
uncut treatment with no significant regrowth for the December and February cut treatments for the
control.
For Site 5, Tables 5.9 (percent composition) and 5.10 (accumulated dry matter), show the
higher white clover content for uncut> December regrowth> February regrowth and the much
higher live grass as well as the dead material for the uncut treatment versus the December and
February regrowths.
The marked response to fertiliser was quite evident in both the regrowth of grasses from
the various harvests, and especially the number of suckling clover seedlings on Site 5. The grass
blades of sweet vernal and Rytidosperma were up to 7 cm long where previously cut but growth
was not very great in the uncut control treatment. There was often a mat of suckling clover
seedlings although most of the plants had only formed their second or third true leaf with only the
odd one with the fourth true leaf just opening up. This emphasises the minimal autumn growth of
suckling clover even in comparatively favourable autumns. Already by early May when these
observations were taken there was some frost-lift of suckling clover seedlings on bare ground and
the ends of grass blades were beginning to burn off. On the fertilised plots white clover stolons
were spreading out from established plants and heading towards white clover dominance (40-80%
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Table 5.10 shows the superior white clover vegetative spread for the uncut treatment on
site 5 compared to the December regrowth (50%) and the February regrowth (14%).
Table 5.11 tabulates the mean percent composition and 5.12 the total accumulated dry
matter for the control treatment for uncut and December regrowth for Site 5 and shows the greater
accumulation of live grass and considerably higher dead material than the previously uncut versus
the December regrowth. The May 1978 harvest was primarily undertaken to measure the amount
of regrowth from the previous cutting treatments to assess the autumn regrowth potential for the
seven trial sites. Besides the total spring/early summer pasture dry matter production the autumn
regrowth is the next most desired attribute for all-grass wintering programmes.
5.5.5 DECEMBER 1978 HARVEST
Fig. 5.12 shows the percent compositions for the six sites by the four treatments for the
December 1978 harvest. The response by white clover seed and fertiliser treatment in its second
year of growth is marked on all sites, especially on Sites 1, 4, 5, 3 and 2, (in ascending order)
although the resident white clover has nearly half the percent composition on Site 4 and over half
on Site 5 and 4, although on Site 6 it is only slightly less than the huia seed treatment. This
demonstrates that the resident white clover on Site 6 is nearly as well adapted for production on
that site, despite not being sown, as is the case for Huia white clover.
Fig. 5.13 shows the productivity of each herbage component for the six sites by the four
treatments for the December 1978 harvest. The productivity of Huia white clover is marked on
all sites although where the resident white clover is absent or at a low ebb suckling clover is
productive in both the Maku lotus seed Sites 1, 2, 4 and 5 where Maku lotus failed to perform, as
well as the fertiliser treatment on these sites. Maku lotus was absent on Sites 1, 2, 5 and 6 from
the half square metre quadrants harvested, although was present on Site 4 and producing a
reasonable amount of dry matter on Site 3 only.
Fig. 5.14 shows the percent compositions for each of the four treatments separately across
the six sites. The Huia white clover seed treatment showed a marked increase in white clover
across all sites. Maku lotus made a reasonable contribution on Site 3 but was recorded on Site 4
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as well. Where the resident white clover was present it responded well to fertiliser on the
fertiliser only treatment and also on the Maku lotus treatment. Suckling clover responded well to
fertiliser on Sites 2, 5, 4, and 1 (in ascending order) although white clover preferentially replaced
it where present. Under the control treatment, with no fertiliser or seed, suckling only made a
reasonable contribution on Site 1 whereas white only made a contribution on Sites 4 and 6 in
ascending order.
Fig. 5.15 shows the productivity of each herbage component in kglha for each of the four
treatments across the six sites for the December 1978 harvest. The white clover seed and
fertiliser treatments have the highest productivity across all sites although it,as well as the Maku
lotus seed only and the fertiliser treatment, are all markedly ahead of the control treatment (no
seed or fertiliser).
Interestingly, when one compares the fertiliser only treatment, with the Maku lotus
seed/fertiliser treatment where the contribution by Maku lotu~ is minimal i.e., Sites 1, 2, 4, 5 and
6, a pronounced effect in increasing the mean total dry matter in the December 1978 harvest by
30% was recorded (refer to Fig.5.14 for % compositions and 5.15 for kglha). This occurred in
spite of Maku lotus seedlings having died out by February 1978 on Sites 1, 2 and 5, still being
present on Site 6 plots but not making up any of the harvest and only making up 2% of the total
production on Site 4. Only on Site 3 did Maku lotus establish and perform being 70% of the
mean productivity. On Sites 1, 2, 4 (the 2% of Maku lotus was discounted from the calculations),
5 and 6 the mean response from the Maku lotus seed treatment compared to the fertiliser only
treatment for white clover was 22 %; for suckling 25 %; grass 55 % and other 32% respectively.
The only plausible explanation is that the innoculum used in the Maku lotus seed coating was
contaminated by a more effective strain of white and suckling clover rhizobia than the local strain.
It is extremely unlikely that the small amount of growth from the Maku lotus seedlings in 1977
would have influenced the productivity across the five sites by this magnitude.
The basic oversowing mixture (Trial 2) mean pasture production measurements for the
December 1978 harvest are shown in Fig. 5.16 (Appendix 5.13) along with the range. The
productivity is highest on Site 5 but it also has the greatest range. The productivity on sites 1, 2
and 3 are similar with sites 4 and 6 being at a lower level.
Fig. 5.17 (Appendix 5.14) shows the productivity of each herbage component in percent
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compositions and Fig. 5.18 (Appendix 5.15) shows the kg/ha for the six harvest components :
white, suckling, red, alsike, grass and other. Red clover was dominant on all sites except Site 1
where it failed to persist into the second year and was the main contributor on these sites. White
clover established on all sites and made a moderate but consistent contribution on all sites. Alsike
failed to persist into the second growing season on Sites 1 and 2 but made a reasonable
contribution on Sites 4 and 6 and especially on Sites 3 and 5. Suckling made a significant
contribution on Site 1, where it only had white clover to compete with, but was low on Site 2,
virtually absent on Site 3 and minimal on Sites 4, 5 and 6 where it obviously could not compete
with white, red and alsike.
Fig. 5.19 (Appendix 5.16) shows the mean total production responses for the four
treatments compared to the site control. The biggest consistent response is on Sites 5 and 6, 3
and 4 are intermediate and Sites 1 and 2 least. The white clover seed treatment gave the greatest
response compared to the control on Sites 2, 3, 5 and 6 although the oversowing mixture gave the
greatest response on Sites 1 and 2.
Fig. 5.20 (Appendix 5.17) shows the mean total production responses for the five
treatments compared to Site 5 which is the base (Site 5 = 100). Site 1 has the highest response
compared to Site 5 followed by Sites 2, 6, 3 and 4 respectively.
Fig 5.21 (Appendix 5.18a-d) shows the mean production composition responses of each
site compared to Site 5 (Site 5= 100), December 1978 harvest for white clover, suckling clover,
grass, and other harvest fractions. For the white clover, grass and other herbage fractions for
Sites 1, 2, 3,4 and 6 herbage production response is less than 100%; for suckling clover for Sites
1 and 2 are markedly greater than 100% response compared to Site 5, especially Site 1 in the
oversowing and topdressing treatment which is 37 times greater (but not included in the graph
scale). Sites 1 and 5 had the best percentage response followed by 6, 2, 3 and 4 respectively.
Fig 5.22 (Appendix 5.19) shows the mean production response for red and alsike clover
compared to Site 5. It is interesting to note the differential response by these two species within
and between sites. There was no red on Site 1 nor alsike on Site 1 and 2. Red performed best on
Site 5 and Sites 2, 3 and 6 had a similar response with Site 4 being lowest. Alsike responded best
on Site 3 and then 5, 4 and 6 respectively.
Pasture Production Page 148
The comparison of the mean and component herbage yields for the fertiliser only
treatment from the December 1977 harvest and December 1978 harvest (December
1977/December 1978) shown in Fig. 5.23 (Appendix 5.20) clearly demonstrates the differential
effect of spring herbage production on each site between 1977 and 1978. Sites 2 and 3 are at
about the same productivity; sites 1, 4 and 5 are at about 30% whilst site 6 is about 40%
productivity.
The comparison of the mean and component herbage yields for the control treatment from
the December 1977 harvest and December 1978 harvest (December 1977/December 1978) shown
in Fig. 5.24 (Appendix 5.21) clearly demonstrates the differential effect of spring herbage
production on each site between 1977 and 1978. Sites 2, 4 and 6 are at about the same
productivity; sites 3 and 5 are at about 70% whilst site 1 is under half the productivity.
When the comparison of the mean and component herbage yields are compared between
the fertiliser and control treatments it can be clearly seen that the resident white clover at each site
has responded differentially to fertiliser application. On site 5 for the control treatment white
clover production has increased about nine-fold in 1978 compared to 1977. This is probably a
reflection of new plant establishment from the seed set from the resident white clover responding
to fertiliser. In this environment white clover normally only sets seed for the first time in the year
after establishment.
5.6 SUMMARY AND CONCLUSION
The dry matter productivity of pasture in the study catchment is doubled by the addition of
superphosphate alone and with the addition of superphosphate and a suitable legume is increased
by approximately seven times over the control treatment sixteen months after application. This
study clearly shows that the most responsive soils in terms of total pasture dry matter production
and autumn regrowth potential occur in the north toe-slope and north mid-slope areas of the soil
landscape, whilst higher sunny and all south aspects (with the exception of the small area of lower
toe-slopes) produce lower total production with a shorter growing season in the spring and autumn
though still have a major role to fulfil in the overall integration of pasture production and animal
requirements during summer/autumn droughts. The physical basis for maximising pasture
production provides the basis for a successful and profitable all-grass wintering programme to be
implemented. These data provide the essential physical, and leads on to the financial, framework
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and basis for a successful oversowing and topdressing development programme to be put in place.
Chemical Composition of Pasture Plants
CHAPTER 6
CHEMICAL COMPOSITION OF PASTURE PLANTS
6.1 ABSTRACT
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The chemical composition (N, S, P, Ca, Na, K and Mg) of the herbage from each of the
seven trial sites was measured to check that the nutrition of the plants was adequate and that the
nutritive value for the grazing animal was sufficient. The chemical composition of the pasture
grown is generally improved with oversowing and topdressing.
6.2 INTRODUCTION
There are two main reasons for measuring the chemical composition of pasture plants.
Firstly to check the nutrition of the plant itself and secondly to assess the nutritive value of the
plant compared to the requirements of the animal that grazes it. The chemical composition of
pasture plants is a reflection of the season, availability from the soil, species, plant maturity, and
the plant part analysed (Cornforth & Sinclair, 1982), the individual elements being affected
differently (Metson & Saunders, 1978). Chemical compositions of both herbage and sheep plasma
for undeveloped and developed tussock grassland are reported by Grace & Scott (1974). The
seasonal variations in chemical composition of pasture are reported by Metson & Saunders (1978).
The mineral requirements of the grazing animal change depending on its physiological state Le.,
whether it is pregnant, lactating or growing, as compared to maintenance.
6.3 MEmOD
Subsamples were bulked for each treatment according to trial site from the oven-dried
herbage dissection components. All results are expressed as a percentage of dry matter. The
methods used for the chemical analyses are included in Appendix 6.
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6.4 RESULTS
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The chemical compositions for the December 1977 harvest for each of the seven sites are
shown in Tables 6.1-6.7 respectively for white and suckling clovers and the grass components of
herbage yield. (NB. A " -" in the following tables means there was insufficient sample for
analysis.
Table 6.1 Chemical Compositions for White and Suckling Clovers and Grass, December
1977 Harvest, Site 1.
Element Grass White Suckling
Control Fertiliser Control Fertiliser Control Fertiliser
N% 0.80 0.85 2.68 3.03 2.53 2.77
S% 0.09 0.17 0.13 0.19 0.12 -
P% 0.13 0.15 0.15 0.22 0.21 0.20
Ca% 0.24 0.23 2.00 1.16 0.70 0.84
Na% 0.12 0.09 0.12 0.09 0.12 0.09
K% 0.91 1.01 1.92 2.59 0.86 1.42
Mg% 0.09 0.08 0.28 0.28 0.18 0.23
Table 6.2 Chemical Compositions for White and Suckling Clovers and Grass, December
1977 Harvest, Site 2.
Element Grass White Suckling
Control Fertiliser Control Fertiliser Control Fertiliser
N% 0.85 0.96 2.36 2.87 - 2.83
S% 0.11 0.23 0.13 0.16 - -
P% 0.12 0.11 0.12 0.14 - 0.18
Ca% 0.30 0.41 2.12 1.65 - 1.02
Na% 0.15 0.11 0.09 0.09 - 0.12
K% 0.72 0.84 2.63 2.12 - 1.30
Mg% 0.08 0.08 0.31 0.26 - 0.21
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Table 6.3 Chemical Compositions for White and Suckling Clovers and Grass, December
1977 Harvest, Site 3.
Element Grass White Suckling
Control Fertiliser Control Fertiliser Control Fertiliser
N% 0.73 0.71 - 1.49 - -
S% 0.04 0.18 - - - -
P% 0.14 0.12 - 0.22 - -
Ca% 0.31 0.29 - 1.11 - -
Na% 0.07 0.06 - - - -
K% 0.92 1.05 - - - -
Mg% 0.10 0.08 - 0.25 - -
Table 6.4 Chemical Compositions for White and Suckling Clovers and Grass, December
1977 Harvest, Site 4.
Element Grass White Suckling
Control Fertiliser Control Fertiliser Control Fertiliser
N% 0.76 0.89 2.12 2.23 - 2.43
S% 0.06 0.20 0.09 0.19 - -
P% 0.11 0.12 0.17 0.16 - 0.14
Ca% 0.24 0.34 1.58 1.37 - 1.05
Na% 0.10 0.11 0.16 0.12 - 0.09
K% 0.94 1.05 2.26 2.13 - 1.43
Mg% 0.07 0.10 0.27 0.24 - 0.24
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Table 6.5 Chemical Compositions for White and Suckling Clovers and Grass, December
1977 Harvest, Site 5.
Element Grass White Suckling
Control Fertiliser Control Fertiliser Control Fertiliser
N% 1.11 0.92 2.79 3.12 2.81 2.87
S% 0.08 0.18 0.14 0.19 - -
P% 0.22 0.14 0.23 0.21 0.20 0.19
Ca% 0.40 0.35 1.75 1.58 0.95 0.96
Na% 0.10 0.07 0.14 0.12 0.18 0.11
K% 1.07 0.91 2.69 2.36 1.50 1.36
Mg% 0.10 0.08 0.29 0.28 0.18 0.17
Table 6.6 Chemical Compositions for White and Suckling Clovers and Grass, December
1977 Harvest, Site 6.
Element Grass White Suckling
Control Fertiliser Control Fertiliser Control Fertiliser
N% 0.91 0.87 2.24 2.97 - -
S% 0.07 0.19 0.10 0.19 - -
P% 0.10 0.13 0.17 0.18 - -
Ca% 0.23 0.25 1.13 2.14 - -
Na% 0.07 0.11 0.15 0.13 - -
K% 0.84 1.09 2.11 2.29 - -
Mg% 0.08 0.08 0.25 0.35 - -
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Table 6.7 Chemical Compositions for White and Suckling Clovers and Grass, December
1977 Harvest, Site 7.
Element Grass White Suckling
Control Fertiliser Control Fertiliser Control Fertiliser
N% 0.77 0.77 - - - -
S% 0.07 0.08 - - - -
P% 0.11 0.10 - - - -
Ca% 0.24 0.26 - - - -
Na% 0.08 0.12 - - - -
K% 0.95 1.04 - - - -
Mg% 0.09 0.08 - - - -
The following tables (6.8-6.14) show the chemical compositions for the herbage components for
the February 1978 harvest for each of the seven sites.
Table 6.8 Chemical Compositions for White Clover, Grass and Other, February 1978
Harvest, Site 1, Fertiliser Only Treatment. Grass (1) is sweet vernal herbage
and Grass (2) is browntop herbage.
Element Grass(l) Grass(2) White Other
N% 0.74 0.67 2.63 0.87
S% 0.12 - 1.07 -
P% 0.08 0.08 0.15 0.11
Ca% 0.45 0.43 1.53 1.14
Na% 0.11 0.13 0.11 0.38
K% 0.71 0.71 1.93 1.78
Mg% 0.10 0.10 0.27 0.19
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Table 6.9 Chemical Compositions for White Clover, Grass and Other, February 1978
Harvest, Site 2, Fertiliser Only Treatment.
Element Grass(l) Grass(2) White Other
N% 0.61 0.67 2.26 0.65
S% 0.15 - 0.16 -
P% 0.09 0.08 0.12 0.12
Ca% 0.47 0.46 0.97 0.97
Na% 0.12 0.09 0.11 0.37
K% 0.60 0.71 2.24 1.84
Mg% 0.09 0.10 0.21 0.16
Table 6.10 Chemical Compositions for White Clover, Grass and Other, February 1978
Harvest, Site 3, Fertiliser Only Treatment.
Element Grass(l) Grass(2) White Other
N% 0.49 0.72 - 0.93
S% - - - -
P% 0.11 0.10 - 0.14
Ca% 0.40 0.35 - 0.96
Na% 0.08 0.09 - 0.25
K% 0.59 0.71 - 1.33
Mg% 0:12 0.11 - 0.17
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Table 6.11 Chemical Compositions for White Clover, Grass and Other, February 1978
Harvest, Site 4, Fertiliser Only Treatment.
Element Grass(1) Grass(2) White Other
N% 0.65 1.01 2.28 1.08
S% 0.17 - 0.13 -
P% 0.11 0.11 0.15 0.20
Ca% 0.39 0.45 1.33 1.04
Na% 0.14 0.09 0.11 0.47
K% 0.73 1.43 2.72 2.04
Mg% 0.11 0.13 0.23 0.23
Table 6.12 Chemical Compositions for White Clover, Grass and Other, February 1978
Harvest Site 5, Fertiliser Only Treatment.
Element Grass(1) Grass(2) White Other
N% 0.58 0.74 2.74 0.61
S% 0.08 - 0.14 -
P% 0.08 0.11 0.16 0.14
Ca% 0.42 0.59 1.14 1.13
Na% 0.15 0.11 0.18 0.37
K% 0.75 0.80 1.77 1.59
Mg% 0.09 0.12 0.23 0.15
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Table 6.13 Chemical Compositions for White Clover, Grass and Other, February 1978
Harvest, Site 6, Fertiliser Only Treatment.
Element Grass(l) Grass(2) White Other
N% 0.91 .68 2.72 1.00
S% 0.18 - 0.16 -
P% 0.11 0.11 0.18 0.16
Ca% 0.54 0.33 1.14 1.09
Na% 0.20 0.17 0.15 0.96
K% 1.21 0.66 2.15 1.86
Mg% 0.09 0.08 0.24 0.22
Table 6.14 Chemical Compositions for White Clover, Grass and Other, February 1978
Harvest, Site 7, Fertiliser Only Treatment.
Element Grass(l) Grass(2) White Other
N% 0.63 0.47 - 0.88
S% 0.13 - - -
P% 0.10 0.08 - 0.11
Ca% 0.40 0.30 - 1.01
Na% 0.08 0.14 - 0.51
K% 0.73 0.59 - 1.09
Mg% 0.09 0.08 - 0.19
The following tables (6.15-6.21) show the chemical compositions for the herbage components
for the May 1978 harvest from Sites 1, 2, 3 and 5.
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Table 6.15 Chemical Compositions for Grass, May 1978 Harvest, Site 1, for the various
previous cutting treatments.
Element Control Fertiliser Fertiliser Fertiliser
Dec regrowth Dec regrowth Feb regrowth Uncut growth
N% 2.79 2.80 2.72 2.44
S% 0.20 0.28 0.28 0.29
P% 0.32 0.31 0.29 0.29
Ca% 0.55 0.50 0.60 0.40
Na% 0.10 0.12 0.09 0.10
K% 1.77 2.05 1.85 2.01
Mg% 0.18 0.17 0.17 0.16
Table 6.16 Chemical Compositions for White Clover, May 1978 Harvest, Site 1, for the
various previous cutting treatments.
Element Fertiliser Fertiliser Fertiliser
Dec regrowth Feb regrowth Uncut regrowth
N% 3.61 3.63 3.58
S% 0.17 - -
P% 0.28 0.25 0.25
Ca% 1.51 1.50 1.69
Na% 0.10 0.10 0.10
K% 2.91 2.89 2.97
Mg% 0.24 0.32 0.28
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Table 6.17 Chemical Compositions for Grass, May 1978 Harvest, Site 2, for the various
previous cutting treatments.
Element Control Control Fertiliser Fertiliser Fertiliser
Dec uncut Dec Feb Uncut
regrowth regrowth regrowth growth
N% 2.34 2.03 2.80 2.72 2.44
S% 0.15 0.17 0.22 0.23 0.24
P% 0.41 0.23 0.24 0.24 0.26
Ca% 0.49 0.52 0.52 0.49 0.37
Na% 0.12 0.10 0.10 0.10 0.09
K% 1.56 1.11 1.34 1.50 1.63
Mg% 0.16 0.14 0.12 0.13 0.12
Table 6.18 Chemical Compositions for White Clover, February Regrowth for Fertiliser
Treatment, May 1978 Harvest, Site 2.
Element White clover
regrowth
N% 3.17
S% -
P% 0.25
Ca% 1.27
Na% 0.10
K% 3.48
Mg% 0.30
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Table 6.19 Chemical Compositions for Grass and White Clover, May 1978 Harvest, Site
3, for the Fertiliser Treatment December Cut Regrowth.
Element Fertiliser Fertiliser
Dec regrowth Dec regrowth
Grass White clover
N% 1.77 2.58
S% - -
P% 0.30 0.22
Ca% 0.55 2.11
Na% 0.10 0.14
K% 2.36 2.55
Mg% 0.14 0.25
Table 6.20 Chemical Compositions for Grass, May 1978 Harvest, Site 5, for the various
previous cutting treatments.
Element Control Control Fertiliser Fertiliser Fertiliser
Dec uncut Dec Feb Uncut
regrowth regrowth regrowth growth
N% 2.29 2.20 2.14 2.43 2.16
S% 0.25 0.13 0.26 0.22 0.27
P% 0.27 0.41 0.29 0.27 0.28
Ca% 0.58 0.39 0.50 0.68 0.47
Na% 0.13 0.09 - 0.15 0.08
K% 1.61 2.13 1.95 1.66 1.92
Mg% 0.12 0.16 0.13 0.13 0.13
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Table 6.21 Chemical Compositions for White Clover, May 1978 Harvest, Site 5, for the
various previous cutting treatments.
Element Fertiliser Fertiliser Fertiliser Fertiliser
Dec regrowth Feb regrowth Uncut growth White uncut
N% 3.59 2.34 3.37 3.77
S% 0.19 0.21 0.24 0.20
P% 0.28 0.25 0.29 0.30
Ca% 1.58 1.68 1.53 1.55
Na% 0.13 0.10 0.16 0.10
K% 2.85 2.34 2.84 3.03
Mg% 0.27 0.24 0.26 0.26
The chemical compositions for the February and April seedling cuts are shown for sites 1-7 in
Tables 6.22 and 6.23.
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Table 6.22 Nitrogen and sodium (% DM) for White clover and Maku lotus (Trial One)
and Red and Alsike Clovers (Trial Two-Oversowing Mixture), Sites 1-7
February Seedlings.
Site Element White Maku Red Alsike
1 N% 2.47 - 2.32 -
1 Na% - - 0.12 -
2 N% 2.02 1.74 2.11 -
2 Na% 0.09 - 0.11 -
3 N% 1.73 1.36 1.83 1.83
3 Na% 0.12 - - 0.07
4 N% 1.63 1.71 1.93 -
4 Na% - - - -
5 N% 2.43 1.92 2.20 2.68
5 Na% - - - -
6 N% 1.68 1.79 1.74 2.23
6 Na% - - - -
7 N% 1.89 0.90 1.87 1.00
7 Na% - - - -
Chemical Composition of Pasture Plants Page 163
Table 6.23 Nitrogen, phosphorus, calcium, sodium, potassium and magnesium (% DM)
for White clover and Maku lotus (Trial One) and Red and Alsike Clovers
(Trial Two-Oversowing Mixture), Sites 1-7 April Seedlings.
Site Element White Maku Red Alsike
1 N% 3.16 - 2.64 2.63
P% 0.28 - 0.17 0.26
Ca% 1.02 - 1.20 1.50
Na% - - 0.12 -
K% 3.09 - 2.81 2.68
Mg% 0.30 - 0.29 0.25
2 N% 2.69 - 2.52 2.63
P% 0.24 - 0.13 0.20
Ca% 1.53 - 1.40 1.22
Na% 0.14 - 0.10 -
K% 2.95 - 2.20 2.62
Mg% 0.30 - 0.30 0.26
3 N% 2.03 1.62 2.29 2.58
P% 0.17 0.12 0.14 0.16
Ca% 1.51 0.96 1.78 1.47
Na% 0.15 0.14 0.12 0.12
K% 2.07 2.07 2.13 2.34
Mg% 0.24 0.27 0.35 0.33
4 N% 2.04 2.33 2.04 2.14
P% 0.17 0.17 0.14 0.16
Ca% 1.54 1.09 1.44 1.69
Na% - 0.14 0.11 -
K% 2.47 2.80 2.37 2.45
Mg% 0.29 0.33 0.33 0.33
5 N% 2.61 - 2.57 2.94
P% 0.24 - 0.19 0.23
Ca% 1.19 - 1.21 1.44
Na% 0.14 - 0.14 -
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K% 2.74 - 2.88 2.75
Mg% 0.28 - 0.30 0.31
6 N% 2.42 2.04 2.46 2.40
P% 0.23 0.14 0.18 0.24
Ca% 1.41 0.77 1.42 1.21
Na% 0.15 - 0.13 -
K% 2.55 2.25 2.36 2.29
Mg% 0.29 0.30 0.38 0.38
7 N% 2.55 1.54 2.33 2.17
P% 0.26 0.09 0.17 0.18
Ca% 1.48 0.89 1.71 1.47
Na% - - 0.08 -
K% 2.61 1.57 2.17 2.01
Mg% 0.28 0.29 0.34 0.37
The percent nitrogen levels for the December 1978 harvest are shown for the herbage
component of each treatment for sites 1 to 6, in the following tables (6.24-6.30).
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Table 6.24 Nitrogen (%DM) for the White Clover Seed Treatment (Trial One) for the
Herbage Components, Sites 1-6, Harvested December 1978.
Herbage Site 1 Site 2 Site 3 Site 4 Site 5 Site 6
White 2.04 1.94 1.80 1.91 2.10 2.28
Suckling 1.45 - - 1.67 1.94 -
Grass 1.02 1.09 0.87 0.45 1.16 1.10
Other 1.01 1.43 0.99 1.07 1.32 1.71
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Table 6.25 Nitrogen (%DM) for the Maku lotus Seed Treatment (Trial One) for the
Herbage Components, Sites 1-6, Harvested December 1978.
Herbage Site 1 Site 2 Site 3 Site 4 Site 5 Site 6
White 2.04 - 2.19 2.43 2.20 2.53
Suckling 1.35 2.04 1.63 2.39 2.51 -
Grass 0.91 0.87 0.95 0.54 0.98 0.93
Other 0.86 1.00 0.78 1.46 1.08 1.19
Maku - - 2.18 1.90 - -
Table 6.26 Nitrogen (%DM) for the Fertiliser Only Treatment (Trial One) for the
Herbage Components, Sites 1-6, Harvested December 1978.
Herbage Site 1 Site 2 Site 3 Site 4 Site 5 Site 6
White 2.46 - - 2.38 2.03 2.55
Suckling 1.46 1.93 - 2.04 1.94 -
Grass 0.78 1.01 0.65 1.08 1.26 1.05
Other 1.58 1.30 1.30 0.97 1.07 1.16
Table 6.27 Nitrogen (%DM) for the Control Treatment (Trial One) for the Herbage
Components, Sites 1-6, Harvested December 1978.
Herbage Site 1 Site 2 Site 3 Site 4 Site 5 Site 6
White 2.50 - - 1.35 - 1.96
Suckling 2.50 - - - - -
Grass 0.92 1.03 0.96 0.84 1.08 0.82
Other 0.88 1.34 0.70 0.83 1.43 1.41
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Table 6.28 Nitrogen (%DM) for the Oversowing Mixture (Trial Two) for the Herbage
Components, Sites 1-6, Harvested December 1978.
Herbage Site 1 Site 2 Site 3 Site 4 Site 5 Site 6
White 2.24 1.61 2.05 2.01 1.78 2.37
Suckling 1.77 1.88 - - 1.87 -
Grass 0.74 1.15 0.95 0.90 1.02 1.03
Other 0.95 1.01 - 1.04 0.76 1.04
Red - - 1.61 1.83 1.86 2.03
Alsike - - 1.48 1.76 1.60 1.72
Table 6.29 Mean Nitrogen (%DM) for the White Clover and Maku Seed, Fertiliser and
Control Treatments (Trial One) for the Herbage Components, Sites 1-6,
Harvested December 1978.
Herbage White Maku Fertiliser Control Mean
seed seed only
White 2.01 2.28 2.36 1.94 2.15
Suckling 1.69 1.98 1.84 - 1.84
Grass 0.95 0.86 0.97 0.94 0.93
Other 1.26 1.06 1.18 1.10 1.15
Maku - 2.04 - - 2.04
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Table 6.30 Mean Nitrogen (%DM) for the Oversowing Mixture Treatment (Trial Two)
for the Herbage Components, Sites 1-6, Harvested December 1978.
Herbage Mean
White 2.01
Suckling 1.84
Grass 0.97
Other 0.96
Red 1.83
Alsike 1.64
The oversowing mixture (Trial Two) was resown in early September 1978. Table 6.31 shows the
mean percent nitrogen when harvested in December 1978 and Table 6.32 shows mean percent
nitrogen for each treatment across all sites from seedlings from the oversowing mixture harvested
December 1978.
Table 6.31 Mean Nitrogen (%DM) for Seedlings from the Oversowing Mixture Harvested
December 1978, Sites 1-6.
Herbage Site 1 Site 2 Site 3 Site 4 Site 5 Site 6
White 2.59 2.33 1.80 1.88 2.32 2.11
Red 1.93 2.21 1.62 2.08 2.17 1.85
Alsike 2.23 2.56 2.15 2.32 2.22 2.38
Table 6.32 Mean Nitrogen (%DM) for Each Treatment from Seedlings from the
Oversowing Mixture Harvested December 1978 across all sites.
Herbage Mean
White 2.17
Red 1.98
Alsike 2.31
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6.S DISCUSSION
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The animal requirements for mineral nutrition as they vary throughout the year was
studied in relation to that available from pasture by Reay & Grace (1982). These authors also
showed that marked changes in mineral concentrations occurred on one farm such that the
minerals supplied from pasture at certain times of the year did not meet estimated requirements of
the sheep for all macroelements. They considered that this could occur in many farming situations
and perhaps result in reduced animal performance. The concentrations of N, Ca, Mg, Na and K
showed marked seasonal trends and varied up to two-fold at a site (Reay & Grace, 1982).
Standards for white clover are shown in the following table (6.33). The N values of Reay &
Grace (1982) are high compan~d to the values measured in this study.
Table 6.33 Standards for leaf plus petiole chemical analysis for white clover (Cornforth
& Sinclair, 1982).
Nutrient Deficient Low Optimum High
N% <4.4 4.4-4.7 4.8-5.5 >5.5
S% <0.25 0.25-0.26 0.27-0.32 >0.32
P% <0.30 0.30-0.34 0.35-0.40 >0.40
Ca% <0.30 0.30 0.40-0.50 >0.50
K% <1.70 1.70-1.90 2.00-2.40 >2.40
Mg% <0.15 0.15-0.17 0.18-0.22 >0.22
Grace & Scott (1974) reported the percent of some macroelements for selected plants in developed
and undeveloped tussock grasslands at Ribbonwood Station, Omarama, (November, 1970) for
T.repens and A.odoratum as follows.
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Table 6.34. Percentage (%) of some microelements for selected plants in developed and
undeveloped tussock grasslands at Ribbonwood Station, Omarama, November
1970 for white clover and sweet vernal as follows.
T.repens A.odoratum
(White Clover) (Sweet Vernal)
Developed Undeveloped Developed Undeveloped
N% 3.7 2.6 1.73 1.66
P% 0.45 0.33 0.19
Ca% 1.53 0.54 0.43
K% 2.80 1.80 1.75
Mg% 0.32 0.14 0.12
Na% 0.17 0.17 0.28
The estimated ranges of macroelement levels in herbage to meet the minimal daily
requirements of a 30kg growing hogget or a 45kg lactating ewe, assuming that their dry matter
intake is adequate, are: Na 0.07-0.09%, Ca 0.34-0.55%, Mg 0.1-0.15%, P 0.16-0.23% (Reay
and Grace, 1974). The results from this study generally concur with the findings of the
Ribbonwood study in that these requirements would be adequately met, particularly from the
dicotyledonous plants, but also from the grasses.
The mineral concentration of the herbage grown is increased by the addition of
superphosphate for the December 1977 harvest (Tables 6.1-6.7) for N, P and K and S especially,
which increases by up to ten times depending on site and species. Similar levels were recorded
for Ca and Mg but lower levels for Na. These results support what was concluded from the soil
tests indicated the need for the addition of P and S to promote a vigorous sown legume to increase
the level of N available to plants.
Whilst there is an overall improvement in the mineral composition of the pasture from the
addition of superphosphate for the grazing animal, Na is the exception. The "herb" fraction
recorded as the "other" component (Tables 6.8-6.14 for the February 1978 harvest) has markedly
higher Na than either grass or white clover fractions. The average for the seven sites being 0.47
for the "other" fraction compared to 0.13 for the "white clover" fraction for five sites
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respectively. This coupled with the inadequate competitive ability of "herbs" with fertilised white
clover means that there is a big reduction in the amount of Na available on offer to grazing
animals.
The regrowth from the "previous cutting" treatments for Sites 1, 2, 3 and 5 (Tables 6.15-
6.21) was measured to check that the autumn regrowth contained adequate levels of the main
macroelements. It was concluded that these levels were adequate.
The N% and Na% for the legume seedlings harvested in February 1978 were measured to
check that they were adequate to meet the seedling's needs across the seven sites (Table 6.22).
The N% was highest for white clover on the sunniest and most fertile sites 1, 2 and 5 but lower
for sites 3, 4, 6 and 7. The N% for Maku lotus was lower on all sites that it was present on
compared to white clover with the exception of Site 6. Whilst site 7 superficially appeared to be
edaphically more suited to Maku lotus's requirements, its very low N% indicate otherwise. Red
clover had a similar N% status across the seven sites as white clover. Alsike was similar for N%
to red and white clovers but was markedly lower on Site 7.
The N, P, Ca, Na, K and Mg percentages for the legume seedlings harvested in April
1978 were measured to check that they were adequate to meet the seedling's needs across the
seven sites (Table 6.23). As for the February seedling harvest (Table 6.22) the N% was highest
for white clover on the sunniest and most fertile sites 1, 2 and 5 but lower for sites 3, 4, 6 and 7.
The N% for Maku lotus was lower on all sites that it was present on (Sites 3, 6 and 7) compared
to white clover with the exception of Site 4. On Site 7 it was still markedly lower than that for
white clover, which is also reflected in the P% figure. Ca% nutrition was adequate for white but
was well ahead of Maku lotus where present. The percentage of K and Mg in the herbage was
similar across the seven treatments. The red and alsike clover chemical analyses were similar to
that of white clover.
The N level for the three seed treatments across the seven sites (Tables 6.24-6.26) show
that white clover has a greater N% than suckling clover. White clover generally has a higher N%
on sites where it is producing more dry matter. The N% of the grass component and to a lesser
extent the "other" component reflect the productivity of white clover. The N% for the "control"
treatment is shown in Table 6.27 and is generally similar or lower for the N% in the "grass" and
"other" component than for the treatments receiving fertiliser and/or legume seed.
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The N% for the oversowing mixture herbage components (Table 6.28) show a similar
trend to that of the white clover treatment for the six trial sites measured (Table 6.29). The N%
for the individual species of seedling across the six sites show that white is consistently the highest
followed by red and suckling with alsike on a lower plane (Table 6.30). Tables 6.29 and 6.30
show the average N% across the six sites for each treatment and indicate the superiority of white
clover.
6.6 SUMMARY AND CONCLUSION
The concentration of the main macroelements for the nutrition of plants and animals were
measured and found to be adequate in relation to the standards set by Cornforth and Sinclair,
1982, following the application of superphosphate and the oversowing of a suitable legume. The
values for S, P and N were especially increased. The nutrition of the seedlings was also measured
and was adequate for white, red and alsike clovers on all sites. The nutrition of Maku lotus was
adequate on the sites where present, with the exception of Site 7. Site 7 is superficially the most
edaphically suited to Maku lotus but the low P and N values recorded confirm that it is not suited
as a potential legume for the study area.
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CHAPTER 7
ABOVE GROUND NITROGEN POOLS
7.1 ABSTRACT
Page.l72
The total above ground nitrogen pools for the control treatments, i.e., no fertiliser or
legume seed, are low with a mean of 4.3 kg/ha across the seven sites compared to 14.1 kg/ha (a
factor of 3) for the December 1977 harvest which was up to four months after fertilising and
sowing. At sixteen months after fertilising and sowing the above ground nitrogen pool for the
white clover seed treatment and fertiliser was an average of 88.4 kg/ha across the six sites
compared to the control which was 7.6 kg/ha - a factor of 11.6. The total above ground nitrogen
pools for the oversowing mixture was 67.8 kg/ha for the December 1978 harvest, sixteen months
after fertilising and sowing, compared to 7.6 for the control treatment, or a factor of 8.9.
7.2 INTRODUCTION
The inherently low availability of soil nitrogen to pasture plants is often the primary
nutritional limitation to pasture production in New Zealand hill country. Topsoils generally
contain medium to high levels of total nitrogen, but its availability to plants is low because of
wide C:N ratios in organic matter (Lambert et ai, 1981) and the low ambient soil temperatures
promote only a comparatively low intensity nitrogen cycle. Unimproved hill country pastures are
characterised by low fertility tolerant grasses and a lack of productive legumes. Unimproved high
country tussock grassland pastures are also characterised by the widespread presence of surface
litter, even between the tussocks. Tussocks also have a lot of dead material present, which
effectively have first calion nitrogen as it is transformed into available forms through the soil
microorganisms present, and they act as a large nitrogen sink.
The basis of increasing pasture yield and quality has been the introduction to the sward of
a vigorous legume component with its important characteristics of nitrogen fixation and provision
of high quality feed for livestock (Grant et aI, 1973).. Often, legume contribution to sward
productivity remains low even where inputs of superphosphate are relatively high. Legumes
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contributed only an average of 11 % of total pasture dry matter production on hillsides in long
term grazing trials under adequate topdressing at Te Awa (Suckling, 1975). Virtually all the
nitrogen required for pasture growth in New Zealand is derived from symbiotic fixation of
atmospheric nitrogen by legumes in the pasture (Sinclair et al, 1977). This reliance on legumes to
supply and maintain nitrogen in the nitrogen cycle has directed pasture management towards
developing and maintaining a strong legume base. The transfer of this nitrogen from legumes to
the nitrogen cycle is either above-ground, via the herbage in grazing animal or underground
directly or by mineralisation. Plant growth and nitrogen fixation are directly related and legumes
with high herbage production are regarded as more efficient nitrogen fixers than those less
productive. As growth varies widely with factors such as soil fertility, temperature, and rainfall,
the relative efficiency of different species may change according to the particular habitats to which
they are adapted. In general the seasonal growth patterns and response to fertility (phosphate)
levels follow the classification of these legumes given by Levy (1970). Line & Loutit (1973)
examined a number of tussock grassland soils for the presence of non-symbiotic nitrogen fixation
and recorded annual rates of fixation equivalent to 0-3 kg N per hectare per annum.
7.3 METHOD - ABOVE GROUND NITROGEN POOLS
The total above ground nitrogen pools were calculated for each harvest component by
multiplying the dry matter harvest (kg per hectare) for each of the four main herbage components
dissected out by the nitrogen percentage (5 replicates were bulked).
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7.4 RESULTS - ABOVE GROUND NITROGEN POOLS
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The results for the above ground nitrogen pools for the December 1977 harvest, February
1978 and December 1978 are shown in the following tables 7.1-7.12.
Table 7.1 Total Above Ground Nitrogen Pools (kg/ha) for the Fertiliser and Control
Treatments, December 1977 Harvest.
Site Fertiliser Control
1 17.8 3.8
2 14.0 7.0
3 5.1 2.4
4 12.2 3.1
5 35.0 10.3
6 13.9 3.0
7 0.8 0.6
Mean 14.1 4.3
Table 7.2 Above-ground Nitrogen Pools for the Individual Harvest Components for the
Fertiliser Treatment, December 1977 Harvest.
Site White Suckling Grass Other
1 7.9 3.3 6.2 0.4
2 0.0 0.0 12.3 1.3
3 0.1 0.0 4.5 0.6
4 7.8 1.7 1.9 0.8
5 13.1 16.1 5.0 0.8
6 9.8 0.0 3.1 1.0
7 0.0 0.0 0.6 0.2
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Table 7.3 Above-ground Nitrogen Pools for the Individual Harvest Components for the
Control Treatment, December 1977 Harvest.
Site White Suckling Grass Other
1 0.2 0.1 3.5 0.1
2 0.0 0.0 6.0 1.1
3 0.2 0.0 2.2 0.2
4 0.2 0.0 2.2 0.6
5 0.1 1.1 8.4 0.7
6 0.1 0.0 2.7 0.2
7 0.0 0.0 0.5 0.1
Table 7.4 Above-ground Nitrogen Pools for the Mean Total Dry Matter and the
Individual Harvest Components for the Fertiliser Treatment, February 1978
Harvest.
Site Total White Suckling Grass Other
1 7.5 1.8 0.0 5.0 0.7
2 6.9 1.7 0.2 4.6 0.4
3 4.9 0.0 0.0 3.8 1.1
4 15.4 11.0 0.0 3.6 0.9
5 25.8 17.9 0.0 6.6 1.3
6 15.6 10.2 0.0 4.9 0.5
7 3.3 0.0 0.0 1.4 1.9
Mean 9.9 8.5 - 4.3 0.8
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The above-ground nitrogen pools for the mean total dry matter and individual harvest
components for the four treatments of the main trial (kglha), December 1978 harvest, are shown
in the following tables for each site.
Table 7.S Above-ground N Pools-Site 1, December 1978.
Treatment Total White Suckling Grass Other
White clover seed 65.7 35.8 14.8 11.9 3.2
Maku lotus seed 59.9 1.0 43.4 14.6 1.9
Fertiliser 62.8 28.5 26.1 6.5 1.7
Control 13.6 0.0 5.9 6.9 0.8
Table 7.6 Above-ground N Pools-Site 2, December 1978.
Treatment Total White Suckling Grass Other
White clover seed 98.8 93.8 0.0 3.4 1.6
Maku lotus seed 31.4 0.0 21.9 7.8 1.7
Fertiliser 20.6 0.0 15.8 4.0 0.8
Control 7.2 0.0 0.0 5.3 1.9
Table 7.7 Above-ground N Pools-Site 3, December 1978.
Treatment Total White Suckling Grass Other Maku
White clover seed 75.1 71.0 0.0 3.6 0.5 0.0
Maku lotus seed 28.3 0.2 0.0 3.6 0.7 23.8
Fertiliser 7.2 1.1 0.1 3.7 2.3 0.0
Control 3.9 0.0 0.0 3.1 0.8 0.0
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Table 7.8 Above-ground N Pools-Site 4, December 1978.
Treatment Total White Suckling Grass Other Maku
White clover seed 45.7 43,6 0.5 1.1 0.5 0.0
Maku lotus seed 72.1 45.0 24.1 1.1 0.6 1.3
Fertiliser 48.5 29.0 12.3 6.0 1.2 0.0
Control 2.6 0.2 0.0 1.7 0.8 0.0
Table 7.9 Above-ground N Pools-Site 5, December 1978.
Treatment Total White Suckling Grass Other
White clover seed 172.5 136.0 7.8 26.8 2.0
Maku lotus seed 150.0 95.6 36.8 13.8 3.7
Fertiliser 120.7 62.2 42.4 12.5 3.6
COntrol 15.0 0.1 0.0 10.7 4.2
Table 7.10 Above-ground N Pools-Site 6, December 1978.
Treatment Total White Suckling Grass Other
White clover seed 72.3 67.4 0.0 2.6 2.3
Maku lotus seed 70.8 65.1 0.0 3.8 1.9
Fertiliser 47.7 44.9 0.0 2.2 0.6
Control 3.4 0.4 0.0 2.1 0.9
Table 7.11 Herbage Components Above-ground N Pools-Sites 1 to 6, December 1978 for
the Oversowing Mixture (Trial 2).
Site White Suckling Grass Other Red Alsike
1 15.4 24.0 18.0 2.9 0.0 0.0
2 9.7 2.4 2.7 1.0 38.4 0.0
3 3.8 0.0 2.4 0.5 32.4 33.4
4 6.2 0.0 0.1 0.3 20.4 6.7
5 14.2 0.7 4.8 0.6 100.0 18.2
6 6.5 0.0 3.5 0.4 33.3 4.2
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Table 7.12 Total above ground N Pools-Sites 1 to 6, December 1978 for the Oversowing
Mixture (Trial 2).
SITE TOTAL
1 60.3
2 54.3
3 72.6
4 33.5
5 138.5
6 47.8
7.5 DISCUSSION
In areas of high P and S availability (either natural or from fertiliser inputs) white clover
is superior to Maku lotus, but under conditions of naturally low fertility and in the absence of
adequate P maintenance applications lotus may be better. Suckling clover is well adapted to low
fertility areas, as it is capable of better growth at low P relative to white clover where severe
summer drought can occur. However, under higher fertility it would compete severely for space,
particularly in winter-early spring, which could be better exploited by perennial legumes with
greater growth potentials (Brock, 1973).
Table 7.13 Annual N Gains (herbage + soil) by white clover, lotus, and suckling clover
at two phosphate levels (Brock, 1973).
Legume P Level N (kglha) Specific Rate
Herbage Soil Total (g N/kg DM)
White low 242c 160a 402b 62
Clover high 440a 130a 570a 54
Lotus low 270c 142a 412b 54
high 391b 200a 591a 59
Suckling low 126e 70b 196d 49
Clover high 190d 74b 264c 47
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At Ballantrae seasonal changes in the nitrogen fixation rate appeared to be closely related
to mean soil temperatures and moisture status as well as species of legume present. Individual
sites with a relatively large content (greater than 75% of total legume contribution) of suckling
clover showed peak N fixation during October and November. Sites with a relatively large white
and red clover contribution showed peak activity in November and December, and again with the
increase in soil moisture after autumn rain. These fixation patterns are related to the seasonal
growth patterns of the legume species involved (Grant and Lambert, 1979).
Sinclair et al. (1977) studied the uptake of nitrogen by pasture legumes and associated
ryegrass at three sites in Otago. By considering the sites in the order Berwick-Invermay-Dunback
as a sequence of increasing mean temperature and decreasing moisture status, a pattern of clover
performance in terms of nitrogen uptake relative to the site mean becomes apparent (Table 7.14).
The sequence a1sike-white-red-subterranean clover appears to correspond to an increasing
preference for high temperature and/or tolerance of low moisture supply. The results give little
support for the use of alsike or subterranean clovers at any of these sites,because white clover was
always better than, or as good as alsike, and red was always better than or as good as
subterranean clovers.
Table 7.14 Clover N uptake as percentage of site mean (Sinclair et ai, 1977).
Species Berwick Invermay Dunback
Alsike 131 63 78
White 172 156 109
Red 78 166 131
Subterranean 18 16 82
The native (control) above-ground nitrogen pool (Table 7.1) reflects the low pasture
productivity and low percent nitrogen of the herbage which are functions of the low intensity
nitrogen cycle especially on the higher and darker sites. However the December harvest for the
fertiliser treatment, following fertiliser application in mid-August has increased the above ground
nitrogen pool by over three times on average (Table 7.1), with the greater increases being
reflected in the contribution from white clover and to a lesser extent suckling clover productivity
(Table 7.2) compared to the control (Table 7.3). The fertiliser only treatment was harvested to
compare the control (no fertiliser or seed) to reflect the increase in pasture production and above
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ground nitrogen pool obtainable with just the application of superphosphate. The greatest effect
waS on sites where there were resident legumes present to respond such as on Sites 1, 4, 5 and 6.
The small effects on Sites 2, 3 and 7 are obviously due to the release of some soil organic matter
nitrogen due to the application of superphosphate.
The February 1978 above ground nitrogen pools (Table 7.4) have shown an overall
decrease from the December 1977 (Table 7.1) above ground nitrogen pools, 9.9 versus 14.1 kg/ha
respectively. This is mainly due to the markedly lower suckling clover pool, but also the lower
grass pool.
Tables 7.5 - 7.10 show the above ground nitrogen pools for each of the four treatments
per site for the six sites for the December 1978 harvest. The fertiliser only treatment can be used
to compare with the control which had no super or seed to reflect the increase in dry matter
production obtainable with the application of phosphate and sulphate. There is not a marked
difference between the three fertiliser treatments two of which included legume seed. Where
resident white and suckling clovers are present to fill the gap left by poor or zero Maku lotus
establishment and productivity, e.g., Sites 1,4,5 and to a lesser extent 6, the total above ground
nitrogen pools are all in the same order. On Site 2, where resident white was not recorded in the
herbage analysed from the samples taken, suckling clover has only managed to produce 20 - 30%
of the above ground nitrogen pool compared to Huia white clover. Due to Huia white clover's
competitive ability and vigour suckling clover was completely suppressed in this treatment. On
Site 3 (Table 7.7) the Maku lotus treatment had an above ground nitrogen pool of 38 % of that of
Huia white clover. On Site 4 (Table 7.8) Maku lotus was clearly dominated by the resident white
clover.
Table 7.11 shows the above ground nitrogen pool for the individual herbage components
for the December 1978 harvest for each site for the oversowing topdressing mixture with the
means in Table 7.12. Red clover made the highest contribution to nitrogen fixation reflected in
the above ground nitrogen pool on all sites except Site 1 which was the driest and most exposed
site where it failed to establish. Whilst on the surface this is quite impressive, red clover is only a
short term perennial and its requirement for reseeding is a long favourable growing season with
little grazing coupled with the correct species of bees for pollination, making its long term
contribution difficult to achieve. However this marked initial burst suppresses resident white and
suckling clovers as well as introduced white and alsike which are needed to replace the red clover
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when its presence declines. Thus little is likely to be gained in the long term by including a
moderate to high proportion of red clover in the oversowing and topdressing mix. Alsike is only
medium term and doesn't set very much seed under grazing. On the other hand white clover is
persistent, although is reduced in vigour and extent by drought, but readily re-establishes from
seed set even under grazing provided by the seed-bank in the soil and spreads vegetatively due to
its stoloniferous growth habit.
7.6 SUMMARY AND CONCLUSION
The above-ground nitrogen pools are greatly enhanced by the addition of superphosphate
and a suitable legume. This improvement in the size of the above-ground nitrogen pool driven by
a suitable legume will enhance the productivity and stock feeding value directly and also that of
the grass component. This improvement in the above-ground nitrogen pool will directly provide
the essential physical basis and indirectly the financial basis for a successful oversowing and
topdressing development programme to be put in place.
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POT TRIAL COMPARISON BETWEEN HillA WHITE CLOVER AND
RESIDENT WHITE CLOVERS
8.1 ABSTRACT
Three resident white clover seed lines were compared with Huia white clover in a glass
house pot trial using soil from the A Horizon from Site 5. The results show the marked
superiority of Huia white clover in the initial establishment phase. The resident seed lines were
markedly more stoloniferous at the time of harvest two months after sowing (average 5.6 versus
2.5 stolons per plant respectively and greater mean length of the longest stolon/plant 4.4cm for
Huia white clover whilst the resident clovers had a mean of 10.1cm) and soon accumulated
markedly more dry matter than Huia white clover (0.399 versus 0.356 g/plant). The root system
of the resident clover was much larger than Huia white clover, consisting of both taproot and
fibrous roots. Huia white clover leaflets were 30% longer on average than the resident clovers
but of similar overall width.
8.2 INTRODUCTION
Most of the previously unimproved high country in New Zealand has varying degrees of
resident white clover present, depending on climate (temperature and moisture) and soil fertility.
Resident white clover was just visible on most trial sites and with the application of
superphosphate the response was very marked. Individual plants spread to occupy up to 1
sq.metre in a growing season. The resident white clover is obviously persistent being able to
withstand the rigours of severe selective overgrazing by rabbit and sheep grazing combined with
adaptation to low soil fertility.
8.3 MEmOD
Seed was collected from three trial sites (1, 5 and 6) and directly compared with Huia
white clover. The Huia seedlings had not flowered so cross pollination between Huia and the
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resident clover was not an issue. The seed was harvested in mid-February 1977 and was threshed
by hand. The high proportion of hard seed present in the seedlines from the study sites (Table
8.1) necessitated physical scarification before sowing. Thirty seeds per pot were sown and
worked into the surface of the soil. Rhizobia were applied in a slurry to the soil in the pot in
ample quantity and over most of the surface. The inoculum was washed in by the addition of 300
ml of water which was the initial watering. The soil was taken from the Site 5 A horizon to a
depth of 20 em. It was not sieved but crushed into a fine seed-bed by the action of a rolling pin
and any stones and roots present were removed. The pots (having a volume of 1425 and 1725
ml) were randomly allocated ( same weight of soil/pot) and all received a basal dressing of 60
kglha (on a surface area basis taken from the top of the pot) of phosphorus and sulphur in the
form of calcium tetra di-ortho phosphate and calcium sulphate respectively. In addition the
equivalent of 140 glha of ammonium molybdate was applied to each pot. The gypsum was
applied to the top of the soil whilst the phosphorus and molybdenum were applied in solution, all
at time of sowing. The trial was a simple design of 4 different seed lines (Huia white clover, Site
1, Site 5 and Site 6 seed). The pots were in a glasshouse for the duration (2 months) of the
experiment and were maintained at about 70 -80% of water holding capacity by regular watering
with distilled water. The germinated seedlings were thinned at random down to a maximum of 5
seedlings per pot at the young seedling stage.
8.4 RESULTS
The germination results from the various seed lines, as well as seed from Site 2, are
shown in the following table. (Seed testing carried out at Palmerston North Seed Testing Station.)
Table 8.1 Germination percentages of seed lines.
Line Interim Final Hard Seed Abnormal Remainder
3 days 7 days Seed
Site 1 4 5 57 5 33
Site 2 5 5 86 3 6
Site 4 3 5 67 5 23
Site 5 3 4 64 1 31
Site 6 3 4 83 2 11
Huia 88 91 1 7 1
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The seedlings from all 20 pots were harvested on the same day 2 months after sowing and
measurements taken for: weight of individual plants (Table 8.2), number of stolons per plant
(Table 8.3), length of longest stolon (Table 8.4) and mean length of 10 leaflets (Table 8.5).
Table 8.2 Mean total dry weight per plant at two months after sowing for the four white
clover seed lines.
Seedline Mean dry weight/plant (g)
Huia white clover 0.356
Site 1 0.473
Site 5 0.340
Site 6 0.383
Resident Clover Mean 0.399
Table 8.3 Mean number of stolons per plant two months after sowing.
Seedline Mean Number of Stolons/Plant
Huia white clover 2.5
Site 1 6.8
Site 5 5.3
Site 6 4.8
Resident Clover Mean 5.6
Table 8.4 Mean Length of Longest Stolon per Plant (em).
Seedline Mean Length of Longest Stolon
Huia white clover 4.4
Site 1 8.7
Site 5 9.8
Site 6 11.7
Resident Clover Mean 10.1
Pot Trial Comparison Page 185
Table 8.5 Mean length of 10 Leaflets per Pot, taken at random (em).
Seedline Mean Length
Huia white clover 1.3
Site 1 1.0
Site 5 1.0
Site 6 1.0
Resident Clover Mean 1.0
8.5 DISCUSSION
At the time of harvest two months after sowing the mean dry matter per plant of the
resident clover (0.399) was above Huia white clover (0.356) especially Site 1 (0.473). The mean
number of stolons per plant for the resident was 5.6 versus 2.5 cm for Huia white clover. The
number of stolons per plant for the Site 1 seedline was 6.8 cm which was reflected in its higher
dry matter. Selection for increased stolon development while maintaining leaf size is seen as the
key to improving yields of white clover selections, compared with existing cultivars and these
same characteristics giving superiority of the resident clover populations over Huia white clover
have been identified elsewhere and are being incorporated into selections for hill country pastures
(Caradus et al, 1990). The mean length of the longest stolon was 10.1 for the resident clover but
only 4.4 for Huia white clover. The mean length often leaflets per pot was 1 cm for the resident
clovers with Huia white clover being 30% greater.
Resident-site plants had a taproot but also a very prolific, fibrous root system, visually
much greater in extent than that of Huia white clover. The roots of the resident clover filled all
the soil in the pot, but Huia white clover's root system did not extend nearly so far. The only
time that the seedlines suffered water stress was at time of harvest. Huia white clover was very
water stressed, the Site 1 seedlings to a lesser extent, Site 5 barely and Site 6 slightly.
There is an interesting amount of variation recorded for the resident white clover
populations between sites. It is reasonable to assume the same genetic origin for the resident
white clover at each site and that it has been there for several decades. Exactly how this
recorded local adaption recorded relates to site adaption, such as the mean length of the longest
stolon, and the mean number of stolons/plant is not clear.
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This pot trial clearly shows that the resident white clover has the adaptability and inherent
characteristics more suited to persistence production, through its greater stolon proliferation, on
Longslip than Huia white clover. It is noted that these characteristics giving superiority of the
resident clover populations over Huia white clover have been identified elsewhere and are being
incorporated into selections for hill country pastures (Caradus et ai, 1990).
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The theoretical potential and achievable agronomic improvement of pastures for increased
stock carrying capacity and performance in the high country leading to a more sustainable
agricultural systems and greater economic return for the individual and nation has been widely
reported and debated over the years. Few studies have assessed and evaluated this potential over
representative areas in a catchment on an individual property and then formulated a system to
integrate this into a large-scale farm development programme.
A preliminary soil survey was undertaken in a representative catchment in North Otago,
near Omarama on Longslip Station which identified the steep mountain soils to be relatively
shallow, of moderate natural fertility on lower to mid-altitude northerly (sunny) faces (700-1200 m
above sea level) and low natural fertility on higher northerly (> 1200 m) and southerly (dark)
faces (700-1200 m asl) with a highly variable (both in terms of timing and amount) annual rainfall
of 775 mm. The average soil test analytical values for the 0-10cm depth for the seven trial sites
in the study were: pH 5.46, %N 0.31, %C 4.50, C:N ratio 1:14.48, CEC 17.78, Ca (me%) 6.28,
Mg (me%) 1.47, K(me%) 1.06, Na (me%) 0.16, TEBsum 8.97, BS% 52.27, P-retention %
29.89. The quick test average values were: Olsen P 9, sulphate-S 4.
A botanical survey of the resident vegetation indicated across all sites a moderate
percentage of introduced adventitious flora (24.0%) and a high percentage of bare ground, rocks
and litter (46.1 %) and a moderate percentage of natives (29.2%) and a low percentage of legumes
(0.7 %) with only low fertility tolerant adventitious grasses present.
The 400 hectare catchment was then divided into 9 main landscape-climate-soil-plant
elements. Four of these elements were empirically assessed to hold the main agronomic potential
and were chosen for further detailed soil and agronomic study in an altitude and aspect
arrangement encompassing 7 sites.
The long term unimproved stock carrying capacity of the study area was 0.75 stock
units/ha/annum, which is a reflection of the small above ground nitrogen pools enabling only low
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pasture production of poor quality feeding value for stock from low fertility-tolerant pasture
species. This type of pasture resource necessitates and dictates a large block set stocked grazing
intensity, browsing type stock management regime allowing for low level selective grazing in
order to overcome the inherent limitations that this system of pasture production and utilisation
imposes. The main trial compared the production of resident vegetation, oversown Huia white
clover and Maku lotus with basal fertiliser for the establishment year and second growing season.
Lotus pedunculatus has a more limited natural distribution than white clover and is
reflected in this study.
White clover had a competitive edge over Maku lotus (when pH > 5.0) because it has a
growth habit and genetic base more suited to grazed pastures. Maku lotus has a lack of adaptable
variation whereas white clover populations are broadly adaptable through ecotypic differentiation
to a wide range of climatic, edaphic and cultural environments because it not only has a suitable
set of "general" fitness characters but also has a set of local fitness characters. White clover
populations are successful from the sub-tropics to the sub-antarctic because they are broadly
adaptable through ecotypic differentiation to a wide and diverse range of environments due to its
inherent nature of possessing a suitable set of "general" fitness characters, but also has a set of
"local" fitness characters (Williams, 1987 a). On Longslip the important and desirable
characteristics of white clover can be attributed to its wide edaphic and environmental tolerance,
combined with its adaptation to a wide range of grazing management options. These, coupled with
high dry matter productivity (which is a reflection of its vigorous colonising ability, both in terms
of resident plants and introduced certified seed) and its vegetative spread. Plus its unsurpassed
feeding value, especially in terms of its ability to sustain green herbage in winter (particularly on
sunny faces) and still be the first plant in the pasture to provide new growth for stock feed in the
spring as well as the last in late autumn make it stand apart from all other legumes, especially
Maku lotus.
Maku lotus was disappointing in initial establishment and subsequent growth. Fourteen
years after sowing it only remains on the higher and darker sites, barely spreading outside the
plots it was sown in with no evidence of establishment from seed outside the sown plots despite
being fenced off from sheep for 12 years. Maku lotus is clearly restricted by moisture in this trial.
The narrow and specialist naturalised range of Lotus pedunculatus, coupled with the limited
genetic base resulting from the breeding methods employed in developing Maku lotus, means that
Overview Page 189
the genetic diversity required to be a competitive and adaptable plant is limited because it is
lacking a suitable set of "general" fitness characters but also a set of "local" fitness characters.
This deliberately reduced genetic variability in the breeding of Maku lotus has probably prevented
the natural selection of highly productive and persistent local ecotypes. This is probably why it
has not become more widely naturalised as white clover has even under conditions that appear
edaphically, agronomically and culturally favourable for its spread, productivity and persistence..
Three resident white clover seed lines were compared with Huia white clover in a glass
house pot trial using soil from the A Horizon from Site 5. The results show the marked
superiority of Huia white clover in the initial establishment phase. The resident seed lines were
markedly more stoloniferous at the time of harvest two months after sowing (average 5.6 versus
2.5 stolons per plant respectively and greater mean length of the longest stolon/plant 4.4cm for
Huia white clover whilst the resident cJovers had a mean of 1O.lcm) and soon accumulated
markedly more dry matter than Huia white clover (0.399 versus 0.356 g/plant). The root system
of the resident clover was much larger than Huia white clover, consisting of both taproot and
fibrous roots. Huia white clover leaflets were 30% longer on average than the resident clovers
but of similar overall width.
White clover is the most suited of the commonly available pasture legumes used in the
oversowing and topdressing programmes on Longslip followed by alsike and red clovers, with
Maku lotus having little potential role. There is a role for rhizomatous legumes to be selected and
bred for the high country situation that are more persistent, deep rooted, invaders of bare ground
and competitive against Hieracium invasion even if not initially as productive as white clover.
The seedling vigour and establishment of a typical oversowing and topdressing mix were
measured on seven sites incorporating a range of soils with contrasting aspect and altitude and
showed that there were no establishment problems for commercially coated and inoculated legume
seed but that grass establishment (even when commercially coated) is difficult.
In the spring White clover established readily from surface sown inoculated and coated
seed and with the application of superphosphate, either alone or in combination with red and
alsike clovers. On the other hand Maku lotus seedlings suffered severe competition from the
resident legumes and only established from surface sown inoculated and coated seed, with the
application of superphosphate, where soil, vegetation and environmental conditions suited it.
Even then survival and production was low and it virtually failed to establish in the oversowing
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and topdressing mix trial (white, red and alsike clovers). The legume selection and establishment
part of this study provided the basis for the preferred option for an oversowing mix with the most
potential for success across the range of climate/soil/plant units found on Longslip.
With the addition of molybdic-superphosphate alone resident white and suckling clovers
made a major contribution to annual pasture production. Although mainly autumn establishing,
suckling clover only really produced from mid-spring to early summer only. Huia white clover
was a strongly competitive establisher being very productive on all sites especially on mid to
lower northerly facing slopes.
Pasture production for the spring-early summer period was up to 9,300 kg/ha dry matter
for the white clover/fertiliser treatment on the most productive site (sixteen months after initial
fertilising and seeding) with the control (no seed or fertiliser) producing only 1,280 kglha dry
matter. The other sites measured 3,000-5,000 kglha dry matter for the white clover/fertiliser
treatment which was approximately seven to ten times that of the control. The commencement of
spring growth on the north faces was 4 to 6 weeks ahead of the south faces. However the onset
of the summer dry period resulted in low growth rates on the north faces but the pasture growth
on the south faces was for a longer period before moisture became limiting. In terms of livestock
production the north and south faces are complementary.
The total above ground nitrogen pools for the control treatments, i.e., no fertiliser or
legume seed, are low with a mean of 4.3 kglha across the seven sites compared to 14.1 kglha (a
factor of 3) for the December 1977 harvest which was up to four months after fertilising and
seeding. By sixteen months after fertilising and sowing the above ground nitrogen pool for the
white clover seed treatment and fertiliser was an average of 88.4 kg/ha across the six sites
measured compared to the control which was 7.6 kg/ha - a factor of 11.6. The total above
ground nitrogen pools for the oversowing mixture was 67.8 kglha for the December 1978 harvest,
sixteen months after fertilising and seeding, compared to 7.6 for the control treatment, or a factor
of 8.9.
The concentration of the main macroelements for the nutrition of plants and animals were
measured and found to be adequate following the application of superphosphate and the sowing of
a suitable legume. The values for S, P and N were especially increased. The nutrition of the
seedlings was also measured and was adequate for white, red and alsike clovers on all sites. The
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nutrition of Maku lotus was adequate on the sites that it was present on, with the exception of Site
7. Site 7 is superficially the most edaphically suited to Maku lotus but the low P and N values
recorded confirm that it is not suited as a potential legume for the study area.
A pot trial as part of this study clearly shows that the resident white clover has the
adaptability and inherent characteristics more suited to persistence and production, through its
greater stolon proliferation, on Longslip than Huia white clover. It is noted that these
characteristics giving superiority of the resident clover populations over Huia white clover have
been identified elsewhere and are being incorporated into selections for hill country pastures
(Caradus et aI, 1990).
This study clearly shows that the most responsive soils in terms of total pasture dry matter
production and autumn regrowth potential occur in the north lower and north midslope areas of
the soil landscape, whilst higher north and all south aspects (with the exception of the small area
of lower toeslopes) produce lower total production with a shorter growing season in the spring and
autumn though still have a major role to fulfil in the overall integration of pasture production and
animal requirements during summer/autumn droughts. The physical basis for maximising pasture
production provides the basis for a successful and profitable all-grass wintering programme to be
implemented. These data provide the essential physical basis, and leads on to the financial
framework and basis for a successful oversowing and topdressing development programme to be
put in place.
This study was applied successfully in the large-scale development of Longslip in terms of
improved physical and financial performance. Today the study area is running 3-4 stock
unitslha/annum with markedly improved per head performance and profitability.
A botanical survey of the vegetation present in November 1984, five years after the entire
area was commercially oversown and topdressed, indicated across all sites a high percentage of
introduced adventitious flora (67.4%, including a moderate percentage of legumes - 37.4%), a
low to moderate percentage of bare ground, rocks and litter (22.4%) and a low percentage of
natives (10.2%) with only low fertility tolerant grasses present although some cocksfoot and
ryegrass had established from the initial oversowing mix outside the areas sampled.
Some of the socio-economic factors as to why pasture development is not being widely
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and intensively applied in the high country despite the positive benefits that accrue are discussed
in the epilogue.
Epilogue
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My main aim in completing this masterate thesis is to have a record for future generations
to refer to in the hope that they may learn and benefit from my scientific study of the agronomic
and ecological principles behind pastoral development in the high country and the practical and
economically successful application of it in a fast-track, large scale development programme.
The transformation from a small scale study to a large scale development programme
resulted in the following changes over the past twelve years. Stock have increased from 7,000
merinos to 17,000 ie. from 6,000 stock units (S.U.) to 15,000 S.U. including cattle in six years
and sustained at that level. In terms of wool production from 21,000 kg/annum to 70,000 -
85,000 kg; selling 4,000 - 6,000 sheep/annum instead of a few hundred. The total improvements
mean at today's prices in excess of $600,000/annum additional overseas exchange for New
Zealand.
Of the total area of 15,100 ha, 4,500 have been oversown and topdressed with white and
alsike clovers and cocksfoot and ryegrasses. Fertiliser has averaged 100 kg/ha/annum sulphur
super extra in the past 7 - 10 years depending on the stage of improvement. It is hoped that
future maintenance at 50 kg/ha/annum will keep Olsen-P above 12 and sulphate-S above 8 which
are regarded as fertility benchmarks, below which white clover fails to consistently perform with
vigour.
In excess of 300 km of new permanent fencing has increased the number of blocks from 7
to 70; an integral part of all this has been the construction of over 250 km of access tracking in
order to facilitate quick and reliable vehicle movement around the property as well as access with
fence construction and maintenance.
The oversowing and topdressing programme has produced an average increase of 2
S.U.Iha with a range of 1 - 10 depending on block and favourability of growing season for
pasture production. Measured dry matter production under grazing varies from 2,000 - 6,000 kg
dry matter/ha/annum depending on season, which is a factor of three.
In the past the main emphasis on research in the high country has been dictated by the
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location of the only research station which is on mainly brown grey earth soils. High country
yellow brown earths are the main soil group in the high country and due to their inherent soil
acidity and moisture regime are vulnerable to Hieracium invasion and dominance. White clover is
the most widely used and productive legume because of its availability, reasonable cost, it's
adaptability and proven establishment success. However, white clover has many limitations in
meeting its extremely demanding role in the present pastoral systems, which are difficult to
redesign to become more 'plant friendly' at the expense of animals which produce the income.
White clover is vulnerable to overgrazing, especially during periods of moisture stress and
lower than desirable and irregular maintenance fertiliser programmes which are driven by
economics and commodity cycles. Our present white clover cultivars are not adapted to the soil
acidity conditions often found in various parts of the high country landscape. In time white clover
inherently makes the soil more acid on Longslip with a drop of 0.2 to 0.3 units in 10 years in the
study catchment being typical with no amendment by liming (McIntosh et aI. 1993, in prep.)
The first few years of pasture productivity after the establishment year are quite
spectacular but the reasons for the subsequent steep decline (50% or more) and reversion to
browntop and sweet vernal dominance are not clearly understood. It is difficult to achieve ideal
grazing management regimes in terms of intensity, duration and utilisation in the high country
with its extreme variation in seasonal and annual pasture productivity, late springs (which
indirectly exert considerable grazing pressure) and all grass wintering regimes.
Cocksfoot is the most commonly and widely used companion grass with white clover but
is difficult and slow to establish, is of inherently low palatability, acceptability and nutritive value
to sheep and its persistence and productivity under even moderate set stocking even medium term,
must be questioned.
The white clover based pastures on the hill on Longslip which were oversown and
topdressed in the late 1970's and subsequently regularly maintained at 100 kg 28% sulphur super
per annum (Quick test P of 12-14 S of 8-10) are only as half as productive as they initially were.
They are standing up well to Hieracium ingress, invasion and dominance. However, the more
acid and less fertile subsoil which is bought to the surface by rabbits burrowing creating bare
ground is allowing Hieracium into the sward. Competition from the improved pasture is keeping
Hieracium largely out elsewhere to date. On the more acidic fluvio-glacial outwash soils on the
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flats Hieracium is totally out-competing an initially successful direct drilling programme in the
1970's despite Quick test values for P of 16-20 and S of 20-30. Following initial lime at 3 tlha
the pH went up to 6.0 but after ten years is back to the predevelopment levels 4.9-5.1.
Cultivation, (ploughing lime into the subsoil) prior to pasture renewal are likely to be the only
cost effective means of returning to productive pastures with out presently available pasture
species and machinery technology although promise is shown in for example the Jethro direct drill
which is still in the relatively early stages of development.
This study would not be complete without an insight into and some appreciation of the
many and varied facets of the politics and indeed the interwoven social structure of life in the high
country. Whilst the theory behind the principles and practice of pasture development in the high
country are straight forward enough and rewarding, any discussion needs to be balanced by
mentioning the other factors and influences in vogue in the high country as to why pasture
development has not been accepted and applied on a wide and intensive scale.
Having been born and bred in the high country and consequently fortunate enough to be
presented with the opportunity to farm a part of it, one of my main objects in life is to leave the
land in a more sustainable and productive state than what I inherited it in, whilst bringing up the
next generation to appreciate and endorse these values. To me the long term consequences of
exploitive pastoralism are unacceptable. It is what we can do for the high country rather than
what the high country can do for our lifestyle that is important in my considered estimations and
idiosyncrasies.
To learn about the theory and application of modern farming practices rather than just
learn about the practical shepherding aspects of high country farming, I chose to study at Lincoln
College, of which this thesis is a part. Among the most important skills I learnt were how to
objectively analyse a situation, where to look to find answers to problems that arose, and how to
reflect, analyse and learn from past decisions. This background knowledge gave me the
confidence to undertake a large scale development programme while still young enough to
undertake the massive workload and cope with the stresses involved. Through an understanding
and appreciation of the dynamic, evolving interrelationships in the high country ecosystem
between the land, vegetation, man and domestic livestock I was able to take the initiative and
apply and integrate this knowledge in a practical manner so that the available dry matter is turned
into economic reward season by season in a cost effective sustainable manner from both physical
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and ecological perspectives.
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Traditional high country farming was held in high public esteem because it revolved
around a mythical and romantic way of life and also because farming was so essential for the
nation's economy. The public were envious of the self-proclaimed, elite upperclass group with
their effective control over large areas of land, influential but rapidly declining political clout,
easy low input but profitable and highly social way of life. It is social status, derived from
pedigree, bloodline, religion and place of schooling, that determines ranking in the hierarchial,
high country society. There is no regard for science and tertiary education amongst the
traditionalists. The incumbents knock and downgrade the role of innovative achievers and
entrepreneurs in the defence of their own threatened lifestyle. Schooling is for learning to read,
write and count. Practical experience is all that is seen to be required to be a successful and
outstanding high country farmer. No need is seen for an appreciation of the high country
ecosystem in order to understand and appreciate the dynamic interrelationships and interactions
between man, animals, plants and the environment. This situation leads to a three way conflict of
interest in the high country today.
On the one hand are traditional runholders practising exploitive pastoralism to varying
degrees, with its inherently low carrying capacity and stock performance from so called native
tussock grassland but which is mainly in fact introduced adventitious species, especially in terms
of a sheep's diet. It is a myth that the lower the stocking rate and the bigger the block the better
it is for all factors and processes involved. A minimal amount is expended on fertiliser inputs and
other improvements. In reality the degradation of the vegetation is due in part to the declining
soil fertility (or soil mining) which is a direct result of the "sale of fertility" in animal products,
transfer of fertility into camp sites and the latent change in balance of species which this exploitive
pastoralism has engendered e.g., hieracium dominance and induced proneness to rabbit infestation,
is putting this system under threat of economic collapse. Another often quoted reason by
conservative runholders for lack of development in the high country is that footrot incidence in
merino sheep increases dramatically on developed pastures, but like most plant diseases its impact
can be minimised through effective selection and breeding programmes (patterson & Patterson,
1989, 1991).
Throughout the hundred years plus of pastoralism it is the removal of the native tussock
plant communities without replacing them with vigorous and diverse communities of exotic plants
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which is the real problem on the typically inherently low fertility high country soils and the lack
of legume. This is reflected in the initial botanical survey in this study. An appreciation of the
fact that the high country ecosystem has a fragile and responsive nutrient and botanical balance at
best, and that massive changes have been driven by pastoralism which require alterations to the
style and nature of farming in order to keep ahead of and avoid undesirable change are now in
reality overshadowed by the absolute requirement to develop technology to reverse some of these
changes e.g., hieracium dominance, in order to sustain productivity. We need to be proactive and
anticipatory rather than reactionary, for when things are blatantly obvious it is too late.
On the second hand are farmers, such as myself, who are promoting soil conservation
interests by oversowing and topdressing and prudently running enough stock to take advantage of
feed supplies in good years but not so many stock as to be devastated in times of poor seasons. It
is important that sufficient stock are wintered to ensure high utilisation of the feed grown in order
to promote vigorous pastures and high animal output per hectare through an efficient and effective
fertility cycle so that a strong cash surplus is engendered to ensure future fertiliser applications
and a return on investment. This approach is also actively supported and promoted by the
majority of the people involved at Lincoln University, the Ministry of Agriculture and other
Government institutions.
On the third hand is the conservation and recreation movements which perceives high
country lands to be public land under the control of a few affluent exploiters and who resent the
fact that it is alienated crown land. They fight and live in hope that they can at least make the
high country political land, or preferably public land, under their direct political influence. They
would like to be awarded effective control of it and to this end, over the past decade, they have
mounted a somewhat controversial but carefully contrived and orchestrated political publicity
campaign towards achieving these ends through polarisation of views as they appreciate that their
aims and objectives will only be met through political intervention rather than a land law battle.
They see all farming in the high country as evil and no domestic livestock should be allowed at
the risk of promoting introduced flora at the expense of the native. Development in any form is
seen as being detrimental to their perceived ideas and ideals of native vegetation, soil and
landscapes values. They are not prepared to appreciate that the high country ecosystem, as it
always has been, is in a dynamic evolving state, continually changing to new directional pressures
and forces. This makes it difficult to isolate and differentiate cause let alone effect.
Unfortunately there is no going back to the flora and fauna of pre-human times. We must
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progress on through a more thorough understanding of the processes involved and use the
resources of the high country for the benefit of all New Zealanders in the most productive and
sustainable, profitable manner. Whilst farming is the prime established use of the high country
there is room for all groups and aspirations provided that the restrictions and costs involved are
not loaded onto pastoral lessees Le., they must be allocated by the free market economy. The
reality is that farmers have to farm it and earn a living from it, whilst the pressure groups are
only there to look at it and enjoy it, although if you spend even a short time in any city it is easy
to appreciate why.
Whilst the 1948 Land Act was undoubtedly a sound piece of legislation in its day, time
and technology have overtaken it. In fact it was originally introduced, rather than freeholding, to
control burning and the perceived threat of erosion. In the national interest pastoral lease tenure
must progress on from being politically controlled at the whim of politicians who are able to be
strongly influenced and persuaded by pressure groups. The pastoral lease land tenure system is a
disincentive to other than exploitive pastoralism in the high country. It is an enterprise where the
minor shareholder in economic terms (the government) makes all the rules and has all the say.
There is no recognition or reward for improving the soil fertility. It tends to be written into the
Land Exclusive of Improvements (LEI) and rent apportioned on this value. County rates are
assessed on freehold value. Lessees only theoretically own the fertility over and above the natural
fertility. There is no penalty for exhausting the natural fertility. In the light of all the
restrictions, disincentives and human idiosyncrasies it is hardly surprising that hieracium and
rabbits threaten the very future of traditional pastoral farming in the high country.
Land development in the high country is strongly influenced by politics. From active
financial encouragement in the early 1980's under the then National Government to active
disencouragement under the former Labour Government (1984-1990) due to changes in the tax
system, abolition of loan incentives, Department of Conservation vetoes and the uncertainty
surrounding the proposed changes of rules in the revised Land Act.
In fact if I was starting again today where I began sixteen years ago when I started this
thesis, I would not be able to obtain the necessary consents to oversow and topdress, track, fence
or increase stock numbers, let alone obtain water rights to have the opportunity to irrigate from
the Ahuriri River with its 1990 National Conservation Order. Long established property rights
and land law contracts (going back to early English land law) used to be sacrosanct. As part of
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this 'new awareness' of national versus individual property rights revolving around many reforms,
these long established rights were treated with contempt by some quarters and for example the
then Labour Government proposed far-reaching alterations, with little consultation let alone
retribution and/or compensation. Further to this, under the present Land Act Review I stand to
lose large areas of grazing land out of my lease with little likelihood of freeholding significant
areas of the developed land.
The role of governments and bureaucrats involvement in the high country in the future is
to create an environment for change from the ground up by dismantling and removing the "air of
uncertainty" surrounding continued and sustainable farming.
For example :
1. Promote research into productive pastures which are both physically and economically cost
effective and efficient through an improved understanding of the agronomy and ecology of
climate/soillplant/animal system.
2. Ensure that cost-effective rabbit control regimes are in place.
3. Once and for all resolve the outstanding Ngai Tabu land claim grievances.
4. Promote the landcare concept and ensure that skilled facilitators are available even if only
initially whilst momentum is gained and then involvement and participation opened up to
the wider community of interest.
5. Provide for the appropriate land tenure which must be affordable, readily attainable and
achievable by all present lessees.
6. Resolve conflicts with the well intentioned but misinformed pressure groups. There is
ample room in the high country to provide for all foreseeable needs and aspirations of the
many and varied groups in our New Zealand society.
Past generations have accepted direction from the top down believing that government will
provide assistance in times of need and a stable set of rules, regulations and traditions to operate
under, will be maintained. This is a reflection of the dominance of British culture on the New
Zealand way of life. The ready acceptance of orders from the top down and bureaucracy without
question is no coincidence in New Zealand farming, as after spending their formative and
impressionable years in the military, many ex-servicemen were provided with incentives to
become farmers (22,000 after the Second World War alone).
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The apportionment of blame and recrimination for the present state of parts of the high
country is inappropriate. Whilst there are lessons to be learnt from the past we must move
forward in a landcare type partnership, avoiding conflict, confrontation and bureaucratic
regulation. Movers and shakers working from the bottom up are what are required to bring about
successful change to encourage all farmers to be an active part of landcare groups. All farmers
must perceive and persuade themselves that they can't afford not to be involved. A prerequisite to
success is that agreement needs to be reached by all those .involved on the nature and cause of the
problems and their resolution. This provides a host of challenges in order to make farming int the
future profitable in the long term. Achieve this and sustainability will directly follow.
Unfortunately this thesis is currently of historical interest only due to the above
circumstances, however history has a habit of repeating itself, and hopefully in the future the
objective application of applied science will feature strongly in the farming and conservation of the
high country.
There is an old Chinese proverb which I believe is appropriate to the high country today.
"If you want to think ahead a year plant rice; if you want to think ahead ten years plant trees; if
you want to think ahead one hundred years educate people. "
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EXTRACTION OF ADSORBED S04
Soil
* 20 g soil (sieved through 2 mm) with 100 ml of mixture of 0.01 M CaCl2 and 0.01 M :KH:zP04 in a
plastic bottle. Put on shaker for about 16 hours.
* Centrifuge for 40 minutes at maximum speed (approximately 2500 rpm). Filter through number 42
filter paper into jars.
* Pipette 20 mls of filtered extract each into a JIW tube and evaporate down.
Plant S
* .05 g ground plant sample. Ash in furnace at 550°C for 3 hours. .2 g fusion mix and .2 g cap.
Transfer into J/N tube.
Reducing Solution (at l.5°C)
Boil 200 ml HI
100 ml hydrophosphorous acid
100 ml formic acid (in that order)
With a stream of N2 gas for 30 minutes. Then cool half hour with N still going through
Dears Finish Solution
30 g gelatine add to 500 ml H20 and heat gently and stir constantly to dissolve.
3.4 g bismuth nitrate dissolve in 230 ml glacial acetic acid. Allow both reagents to cool. Add gelatine to
acetic acid and make up to 1 litre.
Prepare Standards
(weight out 0.54375 g K2S04 - dissolve in 1 litre = sol A
Take 10 ml Solution A and dilute to 100 ml = Solution B.
Solution B = 0.054375 gil)
Take solution B as required for standards.
ml solution
J1-g
o
o
1
10
3
30
5
50
7
70
10
100
Evaporate standards (Measure at 400 nm)
Standard Solution:
20 mI of solution A : 200 mI H20 (or in same proportions as required)
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*
*
*
*
*
*
*
*
Have 20 mIl M NaOH (40 g NaOH : lIt H20) in test tubes with rubber bands.
10 mI H20 in J/N tubes on apparatus.
Add 4.5 mIs reducing solution to ashed sample in J/N tube.
Have glycerine in water bath at 130°C.
Put NaOH on first, then sample with reducing solution in tube, time for 15 minutes.
Meanwhile measure out next NaOH.
Put 10 mIs Dears solution in separate test tubes.
Mix with NaOH-S solution.
Measure on Spect. 20 at 400 nm (Blue Lamp)
Free S (Hot water extraction)
* .2 g plant sample + 50 mI hot distilled water.
* Shake 3 hours.
* Filter through fast filter paper
* Pipette 5 mI aliquot into J/N tube.
* Evaporate
* Distil (same method as above)
Refer to Appendix 6 for more chemical methods.
APPENDIX 3. 1
Transect
Site Data
North One
North Two
South One
South Two
Abbreviations:
s.t.
sn.t.
Soil Profile Descriptions - North
Shape of Slope
Position ------------------ %
on Slope Uphill Across Angle Aspect Vegetation Ground cover
Upper Sli convex Sli concave 26° 300 0 N S.t. Anod, Flatweed 40-50
Mid Straight Straight 30° 330 0 N Anod, Flatweed, s.t. 90-95
Lower Straight Sli concave 10° 340 0 N Anod, Donthonio 90-95
s. t. , Flatweed
Upper Straight Sli convex 27° 300 0 N sn. t. , h. t. , native 40
Mid Straight Straight 27° 350 0 N Anod, h. t., native 60
Lower Sli concave Sli convex 23° 335°N Anod, donthonio, s.t. 80
Upper Straight Sli convex 29° 120 0 S sn. t. , scattered h.t. 50
Mid Sli convex sli convex 22° 130 0 S sn. t. , scattered h.t. 50
Lower Straight sli convex 14° 130 0 S sweet vernal, flatweeds 95
scattered h.t.
Upper v.sli convex v.sli convex 28° 150 0 S scattered sn. t. , h.t. 80
Mid flat-sli sli concave 27° 150 0 S scattered sn. t., h.t. 80
convex
Lower Straight Straight 310 180 0 S Scattered sn. t. , natives 70
Silver tussock
Snow tussock
tv
tv
o
Soil Profile Description - Fragmental Material - all weathering is weak, all fabric is close.
Whole H. %
Site Texture Estimate Shape Size range Rock Type Depth
North One Upper
A stony 20 angular 0-10 tabloid (blocky)
B v. stony 55 angular 0-11 tabloid (blocky)
North One Mid
A gravely 20 angular 0.2-4 thin tabloid
B stony 45 angular 0.2-7 tabloid
A sli gravely 10 angular 0.2-2 thin tabloid
B stony 40 angular 0.2-8 tabloid
North One Lower
A v. stony 60 sub-angular 0.2-19 sub angular blocky
B v. stony 60 sub-angular 0.2-10 sub angular, blocky tabloid
A v. stony 70 sub angular 0.2-19 blocky
B v. stony 70 sub angular 0.2-27 blocky
A stony 20 sub angular 0.2-6 blocky-tabloid
up to 18
B v. stony 60 sub angular 0.2-20 blocky tabloid
North Two Upper
A gr. 40 thin tabloid 0.2-4 angular
B Stony 40 angular 0.2-7 tabloid
A
B
North Two Mid
A stony 40 angular 0.2-13 tabloid-blocky 60
B v. gr 60 angular 0.2-6 thin tabloid
A stony 25 angular 0.2-13 tabloid 63
B v. stony 50 angular 0.2-12 thin tabloid
North Two Lower
A sli gr 5 angular 0.2-12 thin tabloid
B sli gr 10 angular 0.2-6 thin tabloid
A sli gr 4 angular 0.2-2 thin tabloid
B sli gr 5 angular 0.2-3 thin tabloid tv
tv
-
Transect Colour Texture Consistency Horizon
Site Thickness (moist) matrix (moist)* Structure Roots Boundary
North One Upper
A 20 10YR 2/2 SL vf,np,ns v fine-fine, blocky, many fine Indistinct
mod dev & coarse
B 17 2.5Y 4/3 SL vf,np,ns weakly dev f.crumb v.few fine
(vf block)
37 (Base Rock)
North One Mid
A 24 10YR 3/1 LS firm,np,ns str dev. fine blocky abund.fine Indistinct
B 36 5YR 5/6 LS f,np,ns mod dev. v.fine-fine few fine
blocky
60 (Base Rock)
A 26 10YR 3/1 LS firm,np,ns str dev fine med blocky abund.fine Indistinct
B 49 5Y 6/6 LS f,np,ns mod dev fine med blocky few fine
75 (Base Rock)
North One Lower
A 30 10YRT 3/2 FSL f,np,ns str dev med crumb many fine Indistinct
B 35 2.5Y 4/4 SL vf,np,ns mod dev,med crumb v.few fine
65 (Base Rock)
A 24 2.5Y 3/3 FSL f,np,ns str dev,med crumb many few fine
B 36 2.5Y 5/6 SL vf,np,ns mod dev,med crumb v.few fine
60 (Base Rock)
A 23 10YR 3/2 FSL f,np,ns str dev, med crumb many fine
B 23 2.5Y 4/3 SL vf,np,ns mod dev,med crumb v.few fine
46 (Base Rock)
Abbreviations:
f Friable
vf very friable N
np non-pliable N
ns non-sticky N
Transect Colour Texture Consistency Horizon
Site Thickness (moist) matrix (moist) * Structure Roots Boundary
North Two Upper
A 14 10Yr 4/4 SL f,np,ns str dev, fine blocky abund. Indistinct
fine & coarse
B 28 2.5Y 4/4 SL vf,np,ns mod dev, fine blocky many fine &
coarse
42 (Base Rock)
North Two Mid
A 16 2.5Y 3/3 FSL f,np,ns str dev, v.fine, blocky abund.f Indistinct
B 44 2.5Y 4/6 SL vf,np,ns weakly dev.v.fine,blocky few fine
60 (not to base) to f. crumbly
A 16 2.5Y 3/2 FSL f,np,ns mod dev, v.fine, blocky abund. to Indistinct
to f. crumbly many fine
B 47 2.5Y 4/6 SL vf,np,ns weakly dev, f.crumb-f. few fine
blocky
63 (not to base)
North Two Lower
A 8 2.5Y 3/2 SL f,np,ns mod fine blocky many fine Distinct
B 8 2.5Y 4/6 SL f,np,ns weakly dev v.fine-fine few fine
crumbly
16 (Base Rock)
A 12 2.5Y 3/2 SL f - vf mod dev,v.fine blocky many fine Distinct
np,ns
B 10 2.5Y 4/6 SL vf-loose weakly dev, v.fine few fine
np,ns blocky
22 (Base Rock)
Abbreviations:
f Friable N
vf Very friable N
Non-pliable wnp
ns Non-sticky
APPENDIX 3.2 Soil Profile Descriptions - South
Transect Colour Texture Consistency Horizon
Site Thickness (moist) matrix (moist) * Structure Roots Boundary
South One Upper
A 19 2.5Y 4/3 FSL f,np,ns str dev med crumb many coarse Indistinct
B 46 2.5Y 5/6 SL vf,np,ns str dev med crumb few coarse
65 (Base Rock)
A 24 2.5Y 4/4 SL f,np,ns str dev med crumb many coarse Indistinct
B 22 2.5Y 5/6 gr,SL vf,np,ns str dev fine med crumb few coarse
SL
46 (Base Rock)
A 30 lOY 3/3 slgr f,np,ns str dev med crumb abunt.fine
B Rock
30 (Base Rock)
A 21 10YR 3/2 slgr f,np,ns str dev med crumb abund
y.fine Indistinct
B 20 10YR 4/4 gr,SL vf,np,ns med-mod crumb many fine
41 (Not to Base)
A 16 10YR 3/2 slgr f,np,ns str dev med fine crumb abund.fine Indistinct
B 14 2.5Y 4/4 gr SL vf,np,ns fine, mod dev crumb few fine
30 (Not to Base)
South One Lower
A 20 10YR 3/3 SL f,np,ns str dev med crumb abund.fine Indistinct
B 35 2.5Y 4/4 SL vf,np,ns str dev med crumb few fine
55 (Not to Base)
A 22 10YR 3/4 FSL f,np,ns mod dev fine-med crumb abund.fine Indistinct
B 30 2.5Y 4/4 SL vf,np,ns mod dev fine-med crumb few fine
52 (Not to Base)
A 19 10YR 4/3 SL f,np,ns mod dev fine med crumb abund.fine Indistinct
B 28 2.5Y 4/6 SL vf,np,ns mod dev fine med crumb few fine
47 (Not to Base) tv
tv
Abbreviations: +:-
f Friable np Non-pliable
vf Very friable ns Non-sticky
Transect Colour Texture Consistency Horizon
Site Thickness (moist) matrix (moist)* Structure Roots Boundary
South Two Upper
A 15 10YR 4/3 FSL f,np,ns str dev med fine crumb abund.fine Indistinct
B 20 2.5Y 4/4 SL vf,np,ns str dev fine med crumb v.few fine
35 (Base Rock)
A 22 10YR 3/3 FSL f,np,ns str dev fine med crumb many fine Indistinct
B 33 2.5Y 4/4 gr sand vf,np,ns str dev fine med crumb
55 (Base Rock)
A 16 10YR 3/4 FSL f,np,ns str dev fine med crumb abund.fine Indistinct
B 32 2.5Y 4/3 SL vf,np,ns str dev fine med crumb few fine
48 (Base Rock)
South Two Mid
A 21 10YR 3/4 SL f,np,ns str dev med crumb many fine Indistinct
B 33 2.5Y 5/6 slgr,sL vf,np,ns str dev med crumb v.few fine
54 (Base Rock)
A 22 10YR 3/4 SL f,np,ns str dev med crumb many fine Indistinct
B 23 2.5Y 4/6 SL vf,np,ns str dev med crumb v.few fine
South Two Lower
A 21 10YR 4/3 SL f,np,ns str dev fine crumb many fine Indistinct
few coarse
B 42 2.5Y 4/4 vgr,Sand vf,np,ns structureless few coarse
Abbreviations:
f Friable slgr Slightly gritty
vf Very friable vgr Very gritty
np Non-pliable SL Sandy Loan
ns Non-sticky LS Loamy Sand
FSL Fine Sandy Loam
tv
tv
VI
Texture Size
Transect Whole % Range Rock
site Horizon (Estimate) Shape (em) Type
South One Upper
A Sli gr < 2 Sub ang .2-2 tabloid
B Sli st > 2 Sub ang .2-10 blocky-tabloid
A Sl St 10 Sub ang .2-7 thin tabloid
B Sli st 10 Sub ang .2-9 thin tabloid
South One Mid
A St 40 ang .2-9 tabloid
A Sli gr 10 and .2-2 tabloid
B V.st 60 ang .2-12 blocky & tabloid
A gr 20 ang .2-5 tabloid
South One Lower
A SL < 2 and .2-2 tabloid
B gr 30 ang .2-6 tabloid
A SL 2 ang .2-1 tabloid
B V.gr 60 ang .2-6 tabloid
A SL 2 ang .2-8 tabloid
B St 50 ang .2-18 tabloid
South Two Upper
A st 30 ang .2-8 thin tabloid
B V.st 60 ang .2-20 tabloid
A Sli gr 10 Sub ang .2-6 tabloid
B st 25 ang .2-10 tabloid
Texture Size
Transect Whole % Range Rock
Site Horizon (Estimate) Shape (em) Type
South Two Mid
A Sli gr 10 Sub ang .2-6 tabloid
B V.st 60 Sub ang .2-17 tabloid
A Sli gr 5 Sub ang .2-3 tabloid
B st 40 Sub ang .2-9 tabloid
South Two Lower
A Sli gr 5 Sub ang .2-5 tabloid
B V.st 50 Sub ang .2-12 tabloid
A Sli gr 10 ang .2-5 tabloid
B V.st 70 Sub ang .2-14 tabloid
A Slgr 5 ang .2-5 tabloid
B st 55 Ang .2-14 tabloid
Appendix Table 3.3 Soil resource transects survey - chemical analysis data for Sunny
North aspect Transect 1.
rrRANSECT Upper Slope Mid Slope Lower Slope
lHorizon A B A B A B
pH 5.8 5.5 5.6 6.5 5.5 4.9
%N 0.2 0.2 0.2 0.1 0.3 0.1
%C 2.1 2.1 2.4 0.7 4.2 1.4
C:N 1:11 1:12 1:12 1:8 1:13 1:13
CEC 13 12 17 17 18 14
Ca(me%) 3.72 2.64 13.12 9.41 5.86 0.66
Mg(me%) 0.78 0.59 2.43 1.53 1.25 0.10
IK (me%) 1.22 0.98 0.05 0.67 1.65 0.36
Na(me%) 0.08 0.06 0.19 0.10 0.06 0.02
trEB sum 6 4 16 12 9 1
IBS% 45.9 36.3 95.1 68.4 49.8 8.3
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Appendix Table 3.4 Soil Resource Transects Survey - Chemical Analysis Data for Sunny
Extra Profile - Y, Horizon A.
pH 5.7
%N 0.2
%C 2.0
C:N 1:11
CEC 12
Ca(me%) 5.36
Mg(me%) 1.01
K (me%) 1.13
Na(me%) 0.06
TEB sum 8
BS% 60.1
Appendix Table 3.5 Soil Resource Transects Survey - Chemical Analysis Data for Sunny
North aspect Transect 2.
TRANSECT Upper Slope Mid Slope Lower Slope
Horizon A B A B A B
pH 4.9 4.9 5.5 5.6 5.3 5.2
%N 0.2 0.2 0.2 0.1 0.2 0.2
%C 3.7 2.5 2.7 0.7 3.2 2.8
C:N 1:18 1:15 1:13 1:10 1:14 1:15
CEC 17 15 14 8 16 16
Ca(me%) 1.65 0.33 3.62 0.49 9.32 1.74
Mg(me%) 0.42 0.12 1.07 0.11 0.66 0.28
IK (me%) 0.61 0.18 0.72 0.15 0.82 0.60
Na(me%) 0.08 0.08 0.01 0.09 0.10 0.04
[rEB sum 3 1 5 1 11 3
tBS% 16.1 4.8 39.8 10.3 68.6 16.2
Appendix Table 3.6 Soil Resource Transects Survey - Chemical Analysis Data for South
aspect Transect 1. '--- \
TRANSECT Upper Slope Mid Slope Lower Slope
Horizon A B A B A B
pH 4.9 5.0 4.9 5.0 4.8 5.1
%N 0.2 0.1 0.3 0.1 0.3 0.1
%C 4.2 1.8 2.7 1.8 4.9 2.6
C:N 1:17 1:18 1:9 1:15 1:15 1:18
CEC 19 16 21 12 21 16
Ca(me%) 1.24 0.25 2.56 0.41 0.83 0.17
Mg(me%) 0.31 0.02 0.42 0.07 0.28 0.07
K (ine%) 0.36 0.06 0.63 0.16 0.31 0.13
Na(me%) 0.05 0.03 0.10 0.08 0.06 0.05
TEB sum 2 0 4 1 1 0
BS% 10.3 2.2 17.9 6.1 7.1 2.6
Appendix Table 3.7 Soil Resource Transects Survey - Chemical Analysis Data for South
aspect Transect 2.
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TRANSECT Upper Slope Mid Slope Lower Slope
!Horizon A B A B A B
pH 4.8 5.0 4.6 5.0 4.8 5.1
%N 0.3 0.1 004 0.1 0.3 0.1
%C 5.2 2.1 7.6 2.7 5.6 0.7
C:N 1:16 1:16 1:18 1:19 1:17 1:12
CEC 23 15 32 18 25 8
Ca(me%) 0.66 0.58 2.15 0.58 lAO 0.25
Mg(me%) 0.16 0.05 0.62 0.07 0040 0.03
K (me%) 0.30 0.66 0.74 0.20 0.45 0.04
Na(me%) 0.03 0.08 0.07 0.06 0.04 0.01
!rEB sum 1 1 4 1 2 0
tBS% 4.9 5.3 11.1 5.0 9.1 4.8
The percentage of soil fines was estimated by taking the total weight of each sample, sieving
the soil through a 2mm sieve and weighing this fraction and the stones.
Appendix Table 3.8 Percentage Soil Fines.
ifransect Horizon % Soil
Northerly One A 73
Upper Slope B 66
Northerly One A 61
Mid Slope B 71
Northerly One A 90
Lower Slope
B 76
Northely One A 15
Extra Mid Slope
Northerly Two A 55
Upper Slope
B 67
Notherly Two A 83
Mid Slope
B 42
Northerly Two A 86
Lower Slope
B 80
Southerly One A 94
Upper Slope
B 73
Southerly One A 73
Mid Slope
B 51
Southerly One A 98
Lower Slope
B 42
Southerly Two A 99
Upper Slope
B 33
Southerly Two A 95
Mid Slope
B 63
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Southerly Two A 89
Lower
Slope B 56
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Appendix Table 3.10 soil Chemical Data in Depth
Increments (em) for site 1.
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Depth (em) 0-10 10-20 20-30 30-40 40-50
pH 6.0 6.0 6.0 6.2 6.3
%N 0.3 0.2 0.2 0.1 0.1
%C 4.1 2.9 1.5 1.2 0.7
C:N 1:13 1:13 1:10 1:10 1:9
CEC (me%) 17 14 12 11 12
Ca (me%) 10.23 6.13 5.01 4.50 4.38
Mg (me%) 2.08 1.45 1.29 1.16 1. 39
K (me%) 1. 40 1.19 0.51 0.40 0.26
Na (me%) 0.15 0.08 0.10 0.12 0.18
TEB sum 14 9 7 6 6
B8% 84.1 63.7 55.7 55.4 53.3
P-retn % 20 23 22 19 14
QUICK TESTS
pH 5.8 5.9 5.9 6.1 6.3
Ca 12 11 10 11 13
K 22 17 8 7 6
~g 40 30 32 35 42
P 8 5 4 3 3
804-8 (ppm) 4 3 3 3 3
Appendix Table 3.11 Soil Chemical Data in Depth Increments
(em) for site 2.
Depth (em) 0-10 10-20 20-30 30-40 40-50
~H 5.5 5.6 5.7 5.7 5.6
%N 0.3 0.2 0.2 0.1 0.1
%C 4.3 2.8 2.1 1.7 1.7
C:N 1:13 1:15 1:14 1:12 1:12
CEC (me%) 16 13 13 14 14
Ca (me%) 7.04 3.26 3.13 1. 63 0.94
~g (me%) 1. 65 1. 02 0.91 0.59 0.38
K (me%) 1.14 0.73 0.72 0.61 0.44
Na (me%) 0.17 0.23 0.22 0.04 0.07
TEB sum 10 5 5 3 2
B8% 62.0 40.0 37.4 21.2 12.3
P-retn % 22 26 29 47 56
QUICK TESTS
~H 5.4 5.5 5.5 5.7 5.7
Ca 7 5 6 4 2
tK 14 10 11 9 6
~g 26 21 25 17 11
P 8 5 5 21 34
804-8 (ppm) 2 2 2 2 2
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Appendix Table 3.12 Soil Chemical Data in Depth Increments
(em) for site .3.
Depth (em) 0-10 10-20 20-30 30-40 40-50
pH 5.5 5.3 5.4 5.6 5.4
%N 0.2 0.2 0.1 0.1 0.1
%C 3.5 2.6 1.4 0.7 0.7
C:N 1:15 1:14 1:13 1:11 1:9
CEC (me%) 15 15 13 9 9
Ca (me%) 5.10 2.07 0.89 0.43 0.87
~g (me%) 1. 22 0.80 0.32 0.19 0.05
K (me%) 0.84 0.49 0.23 0.13 0.10
Na (me%) 0.10 0.09 0.10 0.12 0.04
TEB sum 7 3 2 1 1
B8% 48.3 23.6 12.3 9.8 12.1
P-retn ~ 22 34 55 51 530
QUICK TESTS
pH 5.6 5.3 5.4 5.6 5.5
Ca 6 4 2 1 1
K 11 8 4 3 2
IMg 26 18 9 4 2
P 10 7 11 13 14
804-8 (ppm) 4 3 4 3 4
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Appendix Table 3.13 Soil Chemical Data in Depth Increments
(em) for site 4.
Depth (em) 0-10 10-20 20-30 30-40 40-50
pH 5.5 5.2 5.3 5.4 5.3
%N 0.2 0.2 0.1 0.1 0.1
%C 3.9 2.8 2 1.7 1.4
C:N 1:16 1:15 1:14 1:14 1:14
CEC (me%) 15 15 12 14 12
Ca (me%) 4.24 1. 05 0.43 0.30 0.21
Mg (me%) 1. 28 0.54 0.27 0.16 0.11
K (me%) 1.14 0.63 0.42 0.33 0.17
Na (me%) 0.19 0.17 0.07 0.04 0.20
TEB sum 7 2 1 1 1
B8% 45.7 16.0 10.2 6.0 5.8
P-retn % 34 41 52 60 59
QUICK TESTS
pH 5.4 5.3 5.3 5.7 5.6
Ca 5 2 1 1 1
K 14 9 6 5 3
~g 25 11 6 4 2
P 11 5 3 3 2
804-8 (ppm) 6 5 6 5 3
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Appendix Table 3.14 Soil Chemical Data in Depth Increments
(em) for site 5.
Depth (em) 0-10 10-20 20-30 30-40 40-50
pH 5.6 5.6 5.7 5.6 5.7
%N 0.4 0.2 0.2 0.2 0.1
%C 5.0 2.8 2.2 1.7 1.4
C:N 1:13 1:12 1:13 1:12 1:12
CEC (me%) 19 15 13 12 11
Ca (me%) 11.92 5.55 4.05 2.83 1. 73
Mg (me%) 2.10 1. 39 1. 02 0.75 0.59
K (me%) 1.18 0.70 0.78 0.82 0.80
Na (me%) 0.21 0.02 0.03 0.02 0.03
TEB sum 15 8 6 4 3
B8% 82.1 52.8 46.1 37.8 27.6
P-retn % 19 24 34 35 48
QUICK TESTS
pH 5.5 5.7 5.8 5.8 5.7
Ca 11 9 8 6 5
K 12 11 14 14 14
Mg 38 32 28 22 18
P 9 7 6 5 6
804-8 (ppm) 3 2 2 3 3
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Appendix Table 3.15 soil Chemical Data in Depth Increments
(em) for site 6.
Depth (em) 0-10 10-20 20-30 30-40 40-50
pH 5.0 4.9 5.0 4.9 5.0
%N 0.4 0.3 0.2 0.2 0.1
%C 6.0 4.9 3.6 2.6 1.8
C:N 1:15 1:16 1:15 1:15 1:15
CEC (me%) 24 20 19 17 15
Ca (me%) 3.08 1. 32 0.83 0.41 0.58
IMg (me%) 1.11 0.44 0.26 0.14 0.10
K (me%) 0.93 0.49 0.33 0.25 0.17
Na (me%) 0.16 0.09 0.12 0.07 0.14
TEB sum 5 2 2 1 1
BS% 22.4 11.6 8.2 5.0 6.7
P-retn % 50 57 64 64 66
QUICK TESTS
pH 5.2 5.0 5.1 5.2 5.1
Ca 2 2 1 1 1
K 10 8 5 4 3
IMg 16 11 6 4 3
P 10 7 5 4 7
S04-S (ppm) 6 4 3 5 3
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Appendix Table 3.16 Soil Chemical Data in Depth Increments
(em) for Site 7.
Depth (em) 0-10 10-20 20-30 30-40 40-50
pH 5.1 5.0 5.0 5.1 5.0
%N 0.3 0.3 0.2 0.2 0.1
%C 4.8 4.4 3.2 2.4 1.6
C:N 1:16 1:15 1:15 1:16 1:15
CEC (me%) 19 19 17 15 11
Ca (me%) 2.37 1.49 0.83 0.58 0.58
Mg (me%) 0.82 0.42 0.24 0.16 0.14
K (me%) 0.79 0.49 0.32 0.20 0.14
Na (me%) 0.14 0.16 0.10 0.05 0.07
TEB sum 4 3 2 1 1
B8% 21.3 13.5 8.6 6.5 8.4
P-retn ~ 43 48 58 63 480
QUICK TESTS
pH 5.2 5.0 5.0 5.2 5.3
Ca 4 2 1 1 1
K 11 7 5 4 3
Mg 19 11 6 5 4
P 8 5 4 3 7
804-8 (ppm) 2 4 4 2 2
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Appendix Table 3.17 Gravimetric Moisture Percentage by site,
Depth Increment and Date.
site Depth 7/11 27/11 18/12 28/12 21/1 4/2 17/2 18/3 15/4
1977 1977 1977 1977 1978 1978 1978 1978 1978
1 0-10 9 9 12 9 20 4 5 4 16
10-20 10 12 15 7 13 5 13 6 17
20-30 12 27 16 - 13 5 7 - -
2 0-10 36 17 19 17 21 8 7 6 25
10-20 15 19 19 17 35 9 8 7 25
20-30 18 21 23 - - 18 33 17 -
3 0-10 35 21 21 21 29 13 7 7 21
10-20 28 26 25 23 33 12 7 7 36
20-30 42 36 31 25 69 18 - 17 -
4 0-10 19 24 28 21 35 22 7 12 21
10-20 41 38 27 32 36 28 - 38 32
20-30 24 27 28 35 24 28 - 21 -
5 0-10 13 13 26 18 28 30 8 6 29
10-20 17 15 20 16 35 5 10 6 3
20-30 21 14 20 20 14 8 10 6 -
6 0-10 24 38 39 36 38 17 12 15 42
10-20 31 42 43 40 65 13 12 25 42
20-30 22 38 38 39 52 37 - 34 -
7 0-10 65 35 37 36 40 20 7 13 39
10-20 27 39 41 41 33 27 8 24 38
20-30 46 43 32 29 30 37 - 35 -
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APPENDICES for CHAPTER 4.
. Appendix 4.1. Mean Numbers of Seedlings Established/m2 for the White Clover and Maku Seed
Treatments, mid-February 1978, Sites 1-7 (Trial 1).
Site White Std Range Maku Std Range
Clover Deviatn Deviatn
1 4 4 0-13 0 - 0-0
2 27 13 7-46 1 - 0-5
3 42 16 23-82 8 5 2-18
4 30 14 1-51 3 - 0-21
5 28 25 5-75 1 - 0-3
6 23 14 3-41 4 6 0-19
7 9 17 0-55 2 4 0-14
Mean 23 3
Appendix 4.2. Mean Numbers of Seedlings Established/m2 for the Oversowing Mixture Seed
Treatment, Sites 1-7 (Trial 2). [T=trace].
Site Red Range White Range Alsike Range Maku
1 4 0-10 3 0-4 T 0 0
2 28 4-48 17 6-44 T 0 0
3 29 8-72 14 2-28 5 0-11 T
4 5 0-10 5 0-14 6 0-12 T
5 52 10-128 10 0-46 10 2-15 0
6 47 16-82 10 0-18 6 0-9 T
7 28 0-110 3 0-10 3 0-6 0
Mean 28 9 4 0
Appendix 4.3. Seedling Dry Matter Cut (mg) - 21/12/77.
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Site Huia S.D. Maku S.D. Pawera S.D.
1 9.23 4.85 - - 48.48 36.87
2 42.16 24.94 9.62 4.86 97.34 61.41
3 17.86 8.69 12.03 8.96 74.12 42.29
4 5.84 1.93 10.09 6.22 19.11 11.49
5 23.48 8.11 8.53 4.52 170.91 117.07
6 10.85 5.69 4.32 1.21 39.77 18.13
7 4.15 2.87 5.08 3.41 28.09 13.45
(S.D. =standard deviation)
Appendix 4.4. Percentage Comparison of Seedlings Between Sites for 21/12/77.
(Site 5 as base of 100)
Site Huia Maku Pawera
% % %
1 39.3(5) d - - 28.4(4) c
2 179.6(1) a 112.8(3) b 57.0(2) b
3 76.1(3) c 141.0(1) a 43.4(3) b
4 24.9(6) e 118.3(2) b 11.2(7) d
5 100.0(2) b 100.0(4) b 100.0(1) a
6 46.2(4) d 50.6(6) c 23.3(5) c
7 17.7(7) e 59.6(5) c 16.4(6) d
a,b,c,d,e = statistically the same; p = .05
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Appendix 4.5. Seedling Dry Matter Cuts, mid-February 1978, Sites 1 - 7.
Site Huia (mg) Maku (mg)
1 64.8 0
2 191.0 111.5
3 210.1 125.9
4 129.5 19.2
5 69.8 60.1
6 119.7 15.0
7 49.7 45.9
Appendix 4.6. Percentage Comparison of Seedling Dry Matters for mid-February 1978, Site 5 =
100.
Site % Huia %Maku
1 99.8 0
2 273.6 185.5
3 301.0 209.5
4 185.5 31.9
5 100.0 100.0
6 171.5 24.9
7 71.2 76.4
Appendix 4.7. Seedling Dry Matter Cuts (mg), mid-February 1978, Sites 1-7, for the
Oversowing Mix.
Site Pawera (mg) Alsike (mg)
1 255.3 0
2 297.6 111.5
3 654.1 100.2
4 294.0 13.8
5 304.7 56.0
6 275.8 395.5
7 236.3 61.8
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Appendix 4.8. Seedling Dry Matter Cuts Percent Comparison (Site 5=100) mid-February 1978,
Sites 1-7, for the Oversowing Mix.
Site Pawera (%) Alsike (%)
1 83.8 0
2 97.7 199.1
3 214.7 178.9
4 76.5 24.6
5 100.0 100.0
6 90.5 706.3
7 77.6 110.4
Appendix 4.9. Mean Dry Matter (g) of Ten Seedlings of the Oversowing Mixture for Huia,
Pawera and Alsike, late December 1978, Sites 1-6.
Site Huia Pawera Alsike
1 24 103 50
2 129 242 191
3 138 250 150
4 29 166 75
5 128 327 139
6 71 248 148
Appendix 4.10. Percentage Comparison (Site 5 = 100) for Seedling Dry Matters, Oversowing
Mixture, late December 1978.
Site Huia Pawera Alsike
1 18.6 31.5 36.0
2 100.8 74.0 137.4
3 107.8 76.5 107.9
4 22.7 50.8 54.0
5 100.0 100.0 100.0
6 55.5 75.8 106.5
Appendix 4.11 . Percent N Composition for Seedlings, Oversowing Mixture, late December
1978.
Site Huia Pawera Alsike
1 2.59 1.93 2.23
2 2.33 2.21 2.56
3 1.80 1.62 2.15
4 1.88 2.32 2.08
5 2.32 2.17 2.22
6 2.11 1.85 2.38
Appendix 4.12. Percentage Comparisons for N Composition (Site 5=100) for Seedlings,
Oversowing Mixture late December 1978.
Site Huia Pawera Alsike
1 111.6 88.9 100.5
2 109.1 101.8 115.3
3 77.6 74.7 96.9
4 81.0 95.9 104.5
5 100.0 100.0 100.0
6 125.8 85.3 107.2
Appendix 4.13 Comparison of Seedling Dry Matter Cuts December 1977/December 1978.
Site Huia Pawera
1 2.6 2.1
2 3.1 2.5
3 7.7 3.5
4 5.0 8.7
5 5.5 1.9
6 6.5 6.2
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APPENDICES for CHAPTER 5
Appendix 5.1 Mean total dry matter (kg/ha) for fertiliser and control treatments, December
1977 harvest.
Site Fertiliser Control
1 1 152 463
~ 1 515 865
3 693 316
~ 704 361
~ 1668 900
~ 835 346
17 105 81
Mean 953 476
p = 0.05
5 2 1 643 7
Co-efficient of variation = 34.32 %
Appendix 5.2 Range of mean total dry matter for Table. December, 1977 Harvest.
Site Fertiliser Control
1 627.0-1970.2 292.3-836.2
~ 1208.9-1918.8 687.1-1040.8
3 589.9-806.0 233.3-395.8
~ 415.6-1431.5 240.3-472.0
~ 767.6-2250.4 510.0-1343.7
k5 177.5-1982.4 202.3-463.0
~ 36.3-263.4 50.7-263.4
Appendix 5.3 Percentage botanical composition, December 1977 harvest.
Site White Suckling Grass Other
1 fert 16.5 9.9 69.1 4.5
1 control 0.0 1.1 95.4 3.4
~ fert 0.0 0.0 84.4 15.6
i2 control 0.0 0.0 81.1 18.9
3 fert 0.5 0.0 92.0 7.6
3 control 0.0 0.0 94.0 6.0
~ fert 41.0 10.8 34.4 13.8
~ control 2.4 0.0 79.8 17.7
~ fert 24.5 31.5 35.6 8.4
~ control 2.7 0.4 83.8 13.1
~ fert 20.0 0.0 64.4 15.6
~ control 0.9 0.0 83.3 10.9
~ fert 0.0 0.0 62.5 37.5
~ control 0.0 0.0 78.8 21.2
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Appendix 5.4 Dry matter composition (kg/ha) December 1977 harvest.
Site White Suckling Grass Other
1 fert 262 119 728 43
1 control 0 9 442 11
12 fert 0 0 1276 238
12 control 0 0 699 167
3 fert 4 0 633 57
3 control 0 0 297 19
~ fert 351 69 208 76
14 control 11 0 292 59
Is fert 419 561 551 136
Is control 29 4 754 113
6 fert 329 0 359 148
6 control 3 0 305 38
7 fert 0 0 77 28
7 control 0 0 68 13
Appendix 5.5 Production response due to fertiliser compared to control (%).
Site % Response
1 249
2 175
3 219
4 195
5 185
6 242
7 129
Mean 199
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Appendix 5.6 Relative total yields in fertiliser and control plots as a percentage of Site 5
(Site 5= 100) for the control treatment and the fertiliser treatment.
Site Fertiliser Control
1 69 51
2 91 96
3 42 35
4 42 40
5 100 100
6 50 38
7 6 9
Appendix 5.7 February 1978 harvest. Mean and range of dry matter in kg/ha.
Site Mean Range
1 868 293.1-1538.9
2 894 410.6-1355.2
3 764 383.1-1676.0
4 639 125.2-2334.5
5 1923 1541.2-2643.7
6 977 684.2-2147.6
7 438 395.6-518.9
p=0.05 5 6 2 1 3 4 7
Co-efficient of variation= 31.40%
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Appendix 5.8 Mean percentage compositions, February 1978, fertiliser only.
Site White Suckling Grass Other
1 8.0 0.0 82.1 9.9
2 5.8 0.7 86.0 7.5
3 0.0 0.0 86.1 13.9
4 16.8 0.0 47.8 35.4
5 33.3 0.0 54.9 11.8
6 27.9 0.0 63.3 8.8
7 0.0 0.0 48.9 51.1
Appendix 5.9 Mean herbage composition (kg/ha), February 1978, fertiliser only.
Site White Suckling Grass Other
1 68 0 724 75
2 78 10 745 61
3 0 0 642 123
4 392 0 160 87
5 640 0 156 227
6 375 0 549 53
7 0 0 219 219
Grass yields p=0.05 5 2 1 3 6 7 4
Co-efficient of variation = 39.86%
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Appendix 5.10
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Relative yields of fertiliser treatment (kg/ha) as a percentage of Site 5
(Site 5 = 100), total and individual herbage components.
Site Total White Suckling Grass Other
1 45 11 0 69 33
2 47 12 0 71 27
3 40 0 0 61 54
4 33 61 0 15 39
5 100 100 0 100 100
6 51 59 0 52 23
7 23 0 0 21 97
Appendix 5.11a Site 1 percent compositions for total herbage harvested for the four
treatments December 1978.
Treatment White Suckling Maku Grass Other
White seed 37.2 25.6 0.0 28.4 8.9
Maku seed 1.1 63.5 0.0 30.7 4.7
Fertiliser 23.0 48.6 0.0 24.8 3.6
Control 0.0 14.3 0.0 77.6 8.1
Appendix 5.11b Site 2 percent compositions for total herbage harvested for the four
treatments December 1978.
rrreatment White Suckling Maku Grass Other
!White seed 91.0 0.0 0.0 6.8 2.2
Maku seed 0.0 37.4 0.0 50.0 12.7
IFertil iser 0.1 30.4 0.0 59.0 10.5
Control 0.0 0.3 0.0 75.9 23.8
Appendix S.llc Site 3 percent compositions for total herbage harvested for the four
treatments December 1978.
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Treatment White Suckling Maku Grass Other
White seed 88.3 0.0 0.0 10.3 1.4
Maku seed 0.1 1.3 52.2 37.5 8.9
Fertiliser 6.2 0.6 0.0 63.8 29.4
Control 0.0 0.0 0.0 73.1 26.9
Appendix S.lld Site 4 percent compositions for total herbage harvested for the four
treatments December 1978.
Treatment White Suckling Maku Grass Other
White seed 81.0 2.3 0.0 12.4 4.3
Maku seed 44.3 42.3 2.3 9.8 1.5
Fertiliser 39.2 31.2 0.0 21.7 7.9
Control 2.8 0.0 0.0 65.0 32.2
Appendix S.lle Site S percent compositions for total herbage harvested for the four
treatments December 1978.
[Treatment White Suckling Maku Grass Other
IWhite seed 66.9 4.8 0.0 26.6 1.7
Maku seed 56.1 19.6 0.0 19.9 4.4
IFertiliser 41.6 36.2 0.0 16.3 5.9
Control 0.2 0.0 0.0 78.3 21.5
Appendix S.llf Site 6 percent compositions for total herbage harvested for the four
treatments December 1978.
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trreatment White Suckling Maku Grass Other
Iwhite seed 88.2 0.0 0.0 7.8 4.0
Maku seed 81.9 90.0 0.0 12.9 5.2
IFertiliser 86.1 0.1 0.0 10.1 3.7
Control 5.2 0.0 0.0 77.5 17.4
Appendix S.12a Site 1 dry matter (kg/ha) for the four treatments December 1978.
Treatment White Suckling Maku Grass Other Range Mean
White seed 1755 1023 0 164 318 2602-6707 4272
Maku seed 50 3216 0 602 218 3987-5737 5086
Fertiliser 1159 1785 0 835 129 1506-6100 3906
Control 0 236 0 750 88 230-1925 1174
Appendix S.12b Site 2 dry matter (kg/ha) for the four treatments December 1978.
Treatment White Suckling Maku Grass Other Range Mean
White seed 4835 0 0 315 109 3255-7130 5258
Maku seed 0 1075 0 896 166 915-2721 2138
IFertiliser 1 818 0 395 61 412-4048 1274
Control 0 1 0 517 141 367-1241 659
Appendix S.l2c Site 3 dry matter (kg/ha) for the four treatments December 1978.
[rreatment White Suckling Maku Grass Other Range Mean
Iwhite seed 3944 0 0 414 48 2818-5064 4406
Maku seed 1 14 092 374 84 345-3189 1565
lFertiliser 53 4 0 364 179 300-857 598
Control 0 0 0 324 113 236-778 437
Appendix S.12d Site 4 dry matter (kg/ha) for the four treatments December 1978.
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rrreatment White Suckling Maku Grass Other Range Mean
Iwhite seed 2285 27 0 252 42 1567-5725 2609
Maku seed 1851 1007 70 312 41 1567-5725 3281
lFertiliser 1218 602 0 553 124 572-6291 2497
Control 17 0 0 201 943 144-798 311
Appendix S.12e Site S dry matter (kg/ha) for the four treatments December 1978.
rrreatment White Suckling Maku Grass Other Range Mean
~hite seed 6477 399 0 D310 149 7020-10850 9337
Maku seed 4347 1467 0 405 347 5409-9521 7566
lFertiliser 3066 2186 0 988 338 3350-7912 6579
Control 3 0 0 987 291 851-1624 1281
Appendix S.12f Site 6 dry matter (kg/ha) for the four treatments December 1978.
rrreatment White Suckling Maku Grass Other Range Mean
[White seed 2958 0 0 240 134 2581-4473 3332
Maku seed 2573 0 0 411 160 1313-4732 3144
lFertiliser 1760 1 0 210 55 697-5324 2025
Control 18 0 0 261 63 257-422 342
Appendix 5.13 Mean total dry matters and range for Sites 1 to 6 for the basic
oversowing mixture December 1978.
Site Mean Range
1 4780 3436-5799
2 3166 2249-5537
3 4123 3288-5185
4 1901 1243-2573
5 7898 4047-13176
6 2531 1340-3623
Appendix 5.14 Percent compositions Sites 1 to 6 for the basic oversowing mixture
December 1978.
256
Site White Suckling Red Alsike Grass Other
1 13.8 28.8 0.0 0.0 51.3 6.1
2 19.1 4.1 66.3 0.0 7.4 3.1
3 6.2 0.0 47.6 38.3 6.2 1.4
4 19.8 0.0 59.4 14.9 4.4 1.6
5 10.9 0.6 64.0 15.8 7.3 1.4
6 10.8 0.0 62.9 10.8 14.1 2.1
Appendix 5.15 Mean individual dry matter yields (kg/ha) for the basic oversowing
mixture December 1978.
Site White Suckling Red Alsike Grass Other
1 689 1355 0 0 D436 303
~ 604 129 HOO 0 235 99
3 236 0 W21 1555 254 57
~ 306 0 116 380 74 24
~ 796 37 ,378 1137 468 84
P 272 0 11641 241 337 40
Appendix 5.16 Mean total production responses compared to control (%).
Site White seed Maku seed Fertiliser OIS Mix Treatment
Mean
1 4.0 4.8 3.6 4.5 4.2
2 8.0 3.2 1.9 4.8 4.5
3 10.1 3.6 1.3 9.4 4.9
4 7.9 10.5 8.3 6.1 8.2
~ 7.3 5.9 5.1 6.2 6.1
6 9.7 9.2 5.9 7.4 8.1
Appendix 5.17 Production responses compared to Site 5-December 1978.
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Site White seed Maku seed Fertiliser O/S Mix Control Treatment Mean
1 59.4 67.4 45.8 60.5 83.8 63.4
~ 19.4 28.3 56.3 40.1 51.5 39.1
3 9.0 20.7 47.2 52.2 34.1 32.6
.~ 37.5 43.4 27.9 24.1 24.3 31.4
~ 100.0 100.0 100.0 100.0 100.0 100.0
6 30.8 41.6 35.7 32.0 26.7 33.4
Appendix 5.18a Mean production composition responses, white clover.
Site White seed Maku seed Fertiliser O/S Mix Treatment Mean
1 27.1 1.2 37.8 86.5 0.0
~ 74.7 0.0 0.0 75.9 0.0
3 60.9 0.0 1.7 29.6 0.0
~ 35.3 42.6 39.7 38.5 0.0
~ 100.0 100.0 100.0 100.0 100.0
6 45.7 59.1 57.4 34.2 586.0
Appendix 5.18b Mean production composition responses, suckling clover.
Site White seed Maku seed Fertiliser O/S Mix Treatment Mean
1 256.5 219.1 81.7 3700.0 0.0
~ 0.0 73.3 37.4 350.0 0.0
3 0.0 0.9 0.2 0.0 0.0
14 6.8 68.6 27.6 0.0 0.0
~ 100.0 100.0 100.0 100.0 100.0
k5 0.0 0.0 0.0 0.0 0.0
Appendix S.18c Mean production composition responses, grass.
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Site White Maku Fertiliser GIS Mix Treatment Mean
seed seed
1 50.4 114.0 84.4 520.4 76.0
~ 13.6 63.8 39.9 50.2 52.4
3 17.9 26.6 36.8 54.3 32.9
~ 10.9 22.2 55.9 15.9 20.3
~ 100.0 100.0 100.0 100.0 100.0
~ lOA 29.2 21.2 72.1 26.5
Appendix S.18d Mean production composition responses, other.
Site White seed Maku seed Fertiliser GIS Mix Treatment Mean
1 213.6 63.1 38.2 361.0 103.9
~ 72.9 48.0 18.0 118.0 48.4
3 32.1 24.3 52.8 68.1 38.7
f4 28.4 11.9 36.7 29.1 32.3
~ 100.0 100.0 100.0 100.0 100.0
~ 89.9 46.1 16.1 47.6 21.5
Appendix S.21 Mean production composition responses, red and alsike.
Site Red clover Alsike clover
1 0.00 0.00
~ 39.05 0.00
3 37.58 136.69
~ 20.75 33.39
5 100.00 100.00
6 30.51 21.19
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APPENDIX 6.1 CHEMICAL METHODS (Continued)
KJELDAHL METHOD - TOTAL N
0.3 g (.1 g - .2 g) sample into micro-Kjeldahl digestion flask which has been thoroughly dried to prevent
soil from sticking to sides. Add blank (reagent).
Add scoop of K2S04 catalyst and mix and 4 mI conc HzS04' Boil on sandbath on hot plate 2 hours once
turned green. Cool and add distilled H20 to dissolve precipitate - up to 5 mi. Transfer to distilling flask
washing out with distilled H20. Then add 17 m1 50% NaOH in an ice bath (careful).
Put 10 m1 boric acid in Erlenmeyer flask and place under delivery tube of condenser so that tip is below
surface of the liquid. Pass steam into distillation flask. Lower flask after boric acid turns blue. Collect
about 20-25 m1 of distillate.
Titrate the distillate against 0.1 M HCl (0.05 MHCl) to the neutral pinky colour. Correct titration for
reagent blank.
50% NaOH
Boric Acid Indicator
500 g commercial NaOH
1 It distilled H20
100 g K2S04
10 g CuS04 ) grind
1 g Se powder - add carefully
0.032 g bromocresol green
0.008 g methyl red
Combine in 200 m1 alcohol (96 %)
Method
1. Add 40 g boric acid
2. Add distilled H20 and shake.
3. Make up to 2 It, marked on bottle
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P04 RETENTION
Extract
Preparation of Reagent.
P-Retention Solution
Dissolve 8.80 g potassium dihydrogen phosphate (KH2P04), A.R. a 32.8 g anhydrous sodium acetate
(CH3COONa), A.R., in distilled H20, add 23 ml glacial acetic acid, A.R., and dilute to 2 It in vol. flask.
The pH of this solution should be between 4.55-4.65.
Procedure
Weigh 5 g air-dry soil «2 mm) into stoppered 50 ml polypropylene centrifuge tube, and add 25 ml P-
retention solution. Shake 24 hours.
Centrifuge at 2000 rpm for 15 minutes.
Determination
Preparation of reagent
Nitric Vanadom Olybdate Acid Reagent
Vandate solution - dissolve 0.8 g ammonium vanadate A.R., in 500 ml boiling distilled H20, cool solution,
add 6 ml cone. HN03, A.R. and dilute to 1 It with distilled H20. Molybdate solution - dissolve 16 g
ammonium molybdate in distilled H20 at 50°C, cool and dilute to 1 It. Prepare dilution HN03 by diluting
100 ml cone HN03, A.R., to 1 It with distilled H20. To this add first vanadate solution and then molybdate
solution. Mix well.
Preparation of Standards
Working stock solutions. Pipette 0, 10, 20, 30, 40 and 50 ml aliquats of extracting solution (1 mg P/ml)
into 50 ml flasks and make to volume with distilled HzO. These. solutions contain
mg P/ml 0 0.2 0.4 0.6 0.8 1.0
and correspond to
% retention 100 80 60 40 20 0
Procedure
Take 1 ml aliquat with an automatic diluter from the samples in the centrifuge tubes and from the working
standards, and dispense into labelled 30 ml tubes with 19 ml of the nitric vanadomolybdate acid reagent.
Shake well.
Read absorbence after at least 30 minutes at 466 nm. Set instrument on distilled H20 for O.
Prepare standard curve of percentage P retention against absorbence. Read off unknowns.
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ADSORBED SULPHATE
Preparation of Reagents
Extracting Solution 0.01 M Ca (H2 P04b add 22.3 g H2P04 conc. A.R. (88%) to about 600 ml
deionised H20 and add slowly with stirring a suspension containing 10 g CaC03 A.R. in about 400 ml
deionised H20. Dilute to 10 It with deionised H20. Adjust pH to 4.0 (pH will usually be slightly lower
than this) with CaOH (made by shaking CaO with deionised ~O and filtering).
Chemicals for Johnson & Nishita distillation.
Preparation of Standards
Stock S04 Solution (1 ml = 100 /-,g S)
Weigh out exactly 0.5436 g K 2S04 A.R. dried at 105°C, and dissolve in de-ionised H20. Dilute to 1 It.
Working Standards
Prepare working standards by diluting stock S04 solution with 0.01 M Ca (H2P04)2 .solution to 500 ml as
follows:
Working Standard
10 ml = 0 /-,g S
10 ml = 5 p,g S
10 ml = 10 p,g S
10 ml = 20 p,g S
10 ml = 40 p,g S
10 ml = 60 p,g S
Add to toluene and keep in fridge.
Procedure
Volume of Stock Solution
(Diluted to 500 ml)
0.0
2.5
5.0
10.0
20.0
30.0
Preparation of Extracts
Weigh a 5.0 g sample (air-dried, <2 mm) into a 250 ml centrifuge bottle and add exactly 100 ml extracting
reagent.
Shake on a mechanical shaker 16-24 hours. Centrifuge at approximately 2000 rpm for 10-15 minutes and
transfer a 20 ml aliquat to a 50 ml distillation flask. Evaporate to dryness. Do blanks, standards.
S (adsorbed) (ppm) = [/-,g (final soln)/weight soil(g)] x vol. extracting soln(ml)/aliquat(ml)
TEB sum sum cations (Ca, Mg, K, Na me%)
% BS
Moisture content
TEB sum (me %) x 100
CEC (me %)
Wet weight - Dry weight
----------------------- x 100
Dry weight
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Dry Bulk Density = Dry weight of soil (g)
---------------------- x 100
Vol. of cylinder (ml)
Total porosity (%) Vol. of cylinder (ml) - vol. of
dry soil solids (ml)
------------------------------- x 100
Vol. of cylinder (ml)
Where vol. of dry soil solids Dry weight of soil (g)
particle density (g/ml)
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SULPHURIC ACID - HYDROGEN PEROXIDE DIGESTION
Reagents
Sulphuric acid, concentrate
Hydrogen peroxide, 100 volume
Selenium powder
Lithium sulphate, hydrated (purest available grade)
Mixed digestion reagent
Add 350 ml H20 to 0.42 g Se and 14g LiS04 in a litre boiling flask. Add 420 ml H2S04 slowly with
adequate cooling. (Care is needed at this stage since considerable heat is generated). The reagent is usable
for several weeks if stored just above O°C.
Procedure
1. Weigh 0.10 to 0.40 g of air-dried or oven-dried ground sample into a 100 ml Kjeldahl flask (0.2 g
plant).
2. Add 4 ml of the mixed digestion reagent.
3. Heat gently, increasing the intensity when the initial vigorous reaction has subsided.
4. Continue heating until the digest has cleared, allow a further 1 hr, and leave to cool.
5. Filter into a 200 ml flask and make up to mark.
Carry out blank digestions in same way. For standards do digests as if blank.
Reference
Parkinson, J .A., Allen, S.E. 1975. A wet oxidation procedure suitable for the determination of nitrogen
and mineral nutrients in biological material. Communications in Soil Science & Plant Analysis 6: I-
ll.
1. TotalN (Metson, A.I. Soil Bureau Laboratory Methods.
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New Zealand Bureau Scientific Report 10. NZ DSIR.)
(a) Soil
.5 g air-dried soil, 0.02 N H2S04
Some soils especially Site 3 had fine gravel in the bottom and this could have lead to some variation
in results.
(b) Plant
0.2 g oven-dried ground plant, 0.5 N H2S04
4.5 ml cone H2S04 + catalyst mix. Heat. 17 ml 50 % NaOH distill, titrate H2S04,
2. Total C
Walkely, A. and LA. Black. 1934. Soil Science 37:29-38.
0.2-0.4 g soil
10 ml LON potassium dichromate - 20 ml cone. H2S04
Sit 30 minutes
Add 200 ml H20
10 ml H3P04 (phosphoric acid)
1 ml indicator - barium diphenylamine sulphonate 0.16 % aq. Titrate with 0.5 N ferrous ammonium
sulphate.
(Blank - Titre) x 0.5 x 0.3
------------------------- = % 0 x C x 1.32 - % Total C
Weight of Soil
3. Cations - Plants (Soil Bureau)
0.1 g oven-dried ground plant sample. Ash at 550°F 3 hrs in furnace. Digested in 5 ml of 2N HCI.
Made up to mark in 50 ml volumetric flask.
Strontium added for Ca and Mg
Measured on atomic absorption
P - auto analyser
